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December 5, 1988

Assistant Attorney General
Land & Natura l Resources

Division
U.S. Department of Justice
10th Street and
Pennsylvania Ave, N.W.
Washington, .̂C. 20530

Mr. John Perrecone
Office of Public Affairs
U.S. Environmental Protection
Agency - Region V

230 South Dearborn Street
Chicago, Illinois 60604

Re: Waukegan Harbor/Outboard Marine Corporation
NPL Site
United States v. Outboard Marine Corporation,
Reference No. 9Q-5-1-1-979B

Dear Gentlemen:

Outboard Marine Corporation ("OMC") hereby submits its
comment on the proposed remedial and resource restoration action
("remedial action" or "remedy") for the Waukegan Harbor NPL
site. OMC already has submitted extensive information to U.S.
EPA on this remedial action in prior settlement discussions.
Those discussions have lead to the proposed Consent Decree and
to a determination by the Regional Administrator that the pro-
posed remedial action is consistent with applicable regulations
and qualifies as an alternate disposal method under 40 C.F.R.
§761.60(a) (5) . OMC believes that the proposed remedial action
is clearly protective of human health and the environment and is
substantially more protective than the remedy selected in 1984
by U.S. EPA in the Record of Decision ("ROD"). The proposed
action, when finally approved by the court, will resolve all of
the government's remedial action claims and most of its natural
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resource claims concerning the site. OMC has participated in
the public meeting and public comment process. The statement of
Mr. Laurin Baker, delivered at the public meeting held
October 18, 1988, is submitted as Attachment A.

This comment sets forth CMC's position and is organized as
follows: First, it identifies the key documents previously
submitted to U.S. EPA and now included in the Administrative
Record. Second, it identifies the documents which need to be
added to the Administrative Record. Third, it highlights the
key elements of the proposed remedy and how this remedy
addresses and overcomes problems with the 1984 ROD remedy.
These elements provide the basis for a remedy that is both more
environmentally sound and less costly that the 1984 ROD remedy.
Fourth, this comment responds to the issues raised at the public
meeting. Finally, it discusses the compliance of the proposed
remedy with the Superfund Amendments and Reauthorization Act
("SARA") remedy selection criteria.

Attachments B, C, and D to this comment, summarize the rel-
evant technical issues and documents supporting OMC's position.
The documents discussed in the attachments that are not part of
the Administrative Record are included as exhibits to this
comment. This comment, its attachments, and all other documents
submitted with this comment are to be included in the
Administrative Record.

I. PREVIOUSLY SUBMITTED DOCUMENTS.

During the course of the past two years, OMC has submitted
to U.S. EPA considerable information supporting resolution of
this matter. The major documents which have been submitted and
which support the proposed resolution are as follows:

Risk Assessment of Polychlorinated Biphenyls for
Outboard Marine Corporation Site: Final Report, pre-
pared by K.S. Crump and Co., Limno-Tech, Inc., Daniel
P. Boyd and Co., and Dr. Thomas Milby, MPH,
February 26, 1987. (A-13).!/

Documents contained in the Administrative Record are
identified by the numbers assigned to each document by
U.S. EPA which are indicated as (A-_).
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Response to U.S. EPA Evaluation of Risk Assessment on
Polychlorinated Bipheny1- for CMC Site. K.S. Crump and
Co., July 20, 1987. (A-14).

Letter from J. Roger Crawford, OMC to Valdas V.
Adamkus, U.S. EPA Regarding Waiver of Certain Toxic
Substance Control Act (TSCA) Regulations, June 30,
1987. (A-15).

Letter from J. Roger Crawford, OMC to Rodger Field,
U.S. EPA, Supplement to J. Roger Crawford letter of
June 30, 1987 Regarding TSCA Waiver, August 27, 1987.
(A-16).

General Site Information, U.S. EPA Request, Waukegan
Harbor, Project, J. Roger Crawford, August 31, 1987.
(A-17).

Letter from Timothy J. Harrington, Canonie
Environmental Service, Inc. to Jeffrey C. Fort,
Gardner, Carton & Douglas Regarding USEPA Proposed
Water Treatment Standards for Waukegan Harbor Remedial
Action, June 27, 1988. (A-25).

Summary Report: Taciuk Processor, Canonie
Environmental Services Corp., February 1988. (A-21).

Outboard Marine Corporation, B.E.S.T.TM and Taciuk
Process Support Documents, February 15, 1988. (A-20).

Taciuk Processor for Treatment of Oil Contaminated
Wastes, A Presentation at the OSTRA Annual Spring
Conference, June 2-3, 1987, W. Taciuk, UMATA
Industrial Processes, June 2-3, 1987. (A-23).

Letter from Timothy J. Harrington, Canonie
Environmental Services, Inc. to J. Roger Crawford,
OMC, Transmittal of Full Scale Test Run, Taciuk
Processor, July 14, 1988. (A-26).

Each of these documents now can be found in the Administrative
Record.
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II. ADDITIONAL DOCUMENTS TO BE ADDED TO THE ADMINISTRATIVE
RECORD.

In reviewing U.S. EPA's index to the Administrative Record,
OMC observed that several documents which are relevant to the
site were not included. Attachment E to this submission is an
index of reports, depositions, and studies which are relevant to
the site and to the proposed remedial action and which are cited
in the technical attachments to this comment. Copies of these
documents are submitted with this comment to be included as part
of the Administrative Record.

III. KEY ELEMENTS OF THE PROPOSED REMEDY.

U.S. EPA's Explanation of Significant Differences,
September 1988, describes the key elements of the 1984 ROD and
the current proposal; therefore, those descriptions will not be
repeated here. Instead, we will summarize the ways in which the
proposed remedy addresses the problems of the 1984 ROD:

° Isolating Slip 3 with a permanent cutoff wall and
using it as a containment cell avoids resuspension and
dispersal of the most highly contaminated sediments.

° Using Slip 3 to contain and dewater dredged Harbor
sediments avoids the need for upland dewatering
lagoons that would increase PCB handling, PCB volatil-
ization, the cost of the remedy, and the time needed
for dredging and project completion.

° Dredging is now timed so that it does not require clo-
sure of the upper Harbor during boating season, there-
by minimizing impacts on upper Harbor businesses and
the recreational uses of the Harbor.

° Construction of a new slip for Larsen Marine avoids
the severe economic impact that would otherwise occur
from closure of Slip 3 during the remediation.

° Elimination of the dewatering lagoons avoids
potentially severe impacts on OMC operations and on
use of the nearby public beach. See also Attachment F

0 Handling of all "hot spot" and other sediments and
soils on site avoids the substantial risk of accidents
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from transporting PCB materials that would be
associated with the thousands of truck trips needed to
transport these materials to an off-site disposal fa-
cility.

These points were discussed in detail in OMC's submissions to
U.S. EPA dated June 30, 1987, and August 27, 1987, which are
included in the Administrative Record as items A-16 and A-15
respectively.

IV. ISSUES RAISED AT THE PUBLIC MEETING ON PROPOSED REMEDY.

On October 18, 1988, U.S. EPA held a public meeting on the
proposed remedy. The remainder of this section sets forth OMC's
response to a number of potential concerns that were expressed
at the public meeting.

A. Expected Life Of Slurry Wall.

One question at the public meeting concerned the expected
life of the slurry wall. A slurry wall is simply a mixture of
clay and other extremely stable and impermeable naturally-
occurring materials that is placed in a deep trench and keyed
into the underlying glacial till to cut off the movement of
groundwater into and out of the containment area. These materi-
als will become more permeable only if they are subjected to
certain substantial physical or chemical forces. The walls will
be protected from weathering by the surrounding soil and the
caps and will not adversely react chemically with PCBs in the
soil or groundwater. Compatibility testing will confirm the
nonreactivity of the walls with the contained materials. In
addition, the proposed slurry walls will be a foot thicker than
the ones already deemed acceptable by U.S. EPA, thereby provid-
ing an extra margin of safety. Periodic inspection and mainte-
nance procedures will ensure that the walls remain protected
from weathering and thus retain their integrity. Because the
slurry wall around Slip 3 is protected on the Harbor side by
steel sheet piling and at least 10 feet of solid fill material,
no collisions from boats using the upper Harbor can affect the
integrity of the slurry wall around Slip 3.

B. Potential Increase In Level Of Lake Michigan And Risk
Of Flooding Containment Cells.

Another question concerned the potential impact on the
containment cells of a rise in the level of Lake Michigan. The
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walls of the cells will be above the highest estimated level
(100 year) of the Lake and they will key into the cell caps to
provide complete containment of the enclosed solid materials.
Moreover, the caps and cells are designed to function
effectively even if completely submerged.

C. Potential Impact On Commercial Boating In Harbor.

A concern was raised that the dredging activities might
adversely affect commercial use of the Harbor. To our knowl-
edge, there will be no substantial impact on commercial shipping
in the Harbor. Only the Upper Harbor (that portion of the
Harbor that lies north of Slip 1) will be dredged. Even while
dredging is occurring, commercial boat access to Slip 1 can be
maintained without adversely disturbing the silt curtain that
will be in place during periods of dredging. Tugboats can be
made available to assist commercial vessels should the circum-
stances warrant their use.

One question was raised concerning the two or three charter
boats that operate out of Slip 3. These charters must commence
operations promptly in the spring when customer demand
dictates. To the extent necessary, alternative accommodations
can be made for these boats. We believe that any impact would
be minor and to the extent possible OMC will attempt to fully
resolve these concerns.

D. Aouatic Impacts Of Remaining PCBs Under 50 ppm.

One commenter asked about the potential aquatic impacts of
PCBs under 50 ppm which are not addressed by the proposed reme-
dy. U.S. EPA's model of PCB transport at the site suggests that
dredging to a level of approximately 50 ppm will prevent any net
outflow of PCBs to the Lake. This conclusion was previously
accepted by U.S. EPA in the 1984 ROD. The Harbor habitat is not
conducive to a substantial and diverse ecosystem that might be
affected by residual PCBs. Therefore, the scope of dredging as
agreed to in the Consent Decree is adequately protective for the
conditions that exist at the Site. See also Section F below.

E. Presence Of Other Contaminants.

A question also was raised 3s to whether other contaminants
were present in the sediments and whether U.S. EPA was aware of
all relevant information concerning PCB levels. We believe U.S.
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EPA is completely informed of relevant sampling information.
Harbor sediment samples have been -r.^lyzed both for PCBs and for
other contaminants. Based on its data review, U.S. EPA identi-
fied PCBs as the substance of concern. We note that because of
the physical conditions in the Harbor such as steel sheet
piling, deep water, a soft mud bottom, an absence of rooted
aquatic plants, and substantial boat traffic, only a minimal and
nondiverse ecosystem is present in the Harbor to be affected by
any contaminant. See Attachment D. Consequently, any potential
environmental impact from any other contaminants can be expected
to be de minimis.

Moreover, the report of the Illinois Department of Energy
and Natural Resources cited by the questioner, (Assessment of
the Ecotoxicological Hazards of Sediments in Waukegan Harbor,
Illinois, Ross, Henebry, and Burnett, Champaign, IL, January,
1988) was known to U.S. EPA prior to the resolution of this
matter. We believe that the report is not relevant because it
did not use standard PCB analytical methodologies and the tests
were not conducted on species indigenous to the Harbor.
Furthermore, the tests did not show that PCBs were the cause of
any adverse effects on the specimens.

F. Extent Of Dredging.

One questioner suggested that additional dredging should be
considered. This request has no valid basis. First, the scope
of the remedial action in the Harbor is identical to the scope
found appropriate by the 1984 ROD. That scope was based on U.S.
EPA's highly conservative interpretation of the results of the
site specific Hydrogual hydrodynamic model which predicted that
after cleaning Harbor sediments to a level between 100 to
500 ppm, the Harbor would become a net sink for PCBs from the
Lake. (A-035). Second, the Risk Assessment performed by K.S.
Crump, et al. confirmed that after implementation of the remedi-
al action, that the Harbor would become a net deposition zone
for PCBs. (A-13). Third, other agencies have been consulted,
including the U.S. Fish and Wildlife Service and the Corps of
Engineers. These agencies have accepted the proposed scope of
dredging as adequate to resolve matters within their respective
jurisdictions. Indeed, by its covenant not to sue for natural
resource damages, the Fish and Wildlife Service has evidenced
its view that any residuals remaining after dredging will not
provide a basis for natural resource damage claims against OMC.
Finally, the Corps of Engineers plans to dredge the rest of the
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Harbor pursuant to its Confined Dredging Program after the
present action is completed. Thu^, the extent of the remedy is
clearly adequate to protect human health and the environment.

V. THE REMEDY COMPLIES WITH THE SARA CRITERIA.

The proposed remedy fully complies with the remedy selec-
tion criteria added to CERCLA by the Superfund Amendments and
Reauthorization Act of 1986 ("SARA").

A. Remedy Is Protective Of Human Health And The Environment

The Risk Assessment and supplements thereto demonstrate
that the r^-'-s during ar^ after implementation of the proposed
remedy will be acceptable and lower than those presented by the
1984 ROD remedy, which U.S. EPA previously determined was
adequately protective of human health and the environment.
(A-13). OMC believes that the Risk Assessment substantially
overestimates any risk. Nevertheless, the predicted residual
risk under the proposed remedial action presents an acceptable
risk under U.S. EPA guidance. The residual risk of the proposed
remedy is lower than that of many other remedial actions ap-
proved under CERCLA. In addition, evaluation of the other cri-
teria set forth below also supports the conclusion that the
remedy is adequately protective of human health and the
environment. Attachment G to this comment is the supplemental
statement of the Risk Assessment team updating the Risk
Assessment with respect to the proposed remedy. It further
supports the conclusion that the remedy is protective of human
health and the environment.

B. Remedy Attains Legally Applicable Or Relevant And
Appropriate Requirements ("ARARs").

As explained by U.S. EPA memoranda concerning compliance
with TSCA ARARs and approval of the remedy as an alternate dis-
posal method, applicable and relevant and appropriate TSCA
landfill regulations have been met. (A-27 and A-28). The pro-
posed RCRA cap meets relevant and appropriate cover and closure
requirements. Off-site disposal of PCBs will comply with appli-
cable TSCA requirements.

Effluent limitation requirements applicable under the Clean
Water Act to the discharge of contaminated water generated
during remedial construction, implementation, and operation and
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maintenance must be met. The basis for the proposed limits are
stated in the record and further supported by OMC's comments on
its modified NPDES permit, dated November 30, 1988. See
Attachment H. The Work Plan calls for treatment of five
different wastewater streams that are expected to result from
the sediment restoration and remedial action required by the
Consent Decree. The bases for the limitations included in the
Work Plan are: (1) application of best available treatment
technology for those wastewater sources; and (2) consideration
of the risks posed by the proposed remedial action.

The technology to be applied to these various sources is
described in the Work Plan. With respect to the effect on water
quality, the _isk to human health from water sources associated
with the Work Plan activities, including dredging, containment
cell construction, and North Ditch excavation were considered by
the Risk Assessment as short-term impacts associated with the
remedial action. In addition, water sources related to soil
treatment activities also have been considered in the supplemen-
tal statement of the Risk Assessment team. See Attachment G.
The volume of water expected from each of these water sources
has been estimated and that data submitted to U.S. EPA.

OMC believes that the amount of PCBs contained in the
wastewater will be very small. Since the Work Plan requires
application of best available treatment technology and the Risk
Assessment has addressed the potential impacts on human health
and the long-term effects of the remedial action, the effluent
limits are appropriate under applicable requirements.

Construction and operation of the soil and sediment treat-
ment system must meet applicable state air regulations. In ac-
cordance with state requirements, the treatment requirements and
procedures reflect an evaluation of the technical feasibility
and economic reasonableness of treating the contaminated materi-
als prior to disposal.

C. Remedy Is Cost-Effective.

The remedy meets the CERCLA definition of "cost-
effectiveness" because it satisfies the ARARs and provides
greater or equivalent health and environmental protection at a
lower cost than the 1984 ROD remedy. Treatment of additional
volumes of material would have increased the costs significantly
without providing any identifiab1e reduction in the risk to
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the treatment process is required to achieve a minimum PCB
extraction efficiency of 97 percent, the soils after treatment
will exhibit very low PCB concentrations. These low residual
levels will be isolated from the environment in secure
containment cells.

While the Consent Decree does not mandate a particular
technology, the technology presently selected is the Taciuk
treatment process as discussed in Section D, above. The record
contains substantial information on the reliability of this pro-
cess. See A-20, A-21, A-23 and A-26. Contaminated water
extracted during remedial construction and implementation, as
well as during the operation and maintenance period, will be
treated effectively prior to discharge.

F. Short-Term Effectiveness Of Remedy.

The remedy will be implemented and full protection achieved
in approximately five years. The Risk Assessment demonstrates
the magnitude of the risk reduction achieved by the remedy and
the acceptability of residual risks. The short-term risks to
workers will be minimized through the use of appropriate protec-
tive equipment and practices and controlled access to the site,
as specified in a health and safety plan required by the Consent
Decree. Any short-term risk to Harbor and Lake users and the
environment will be reduced as much as possible through the use
of best available dredging equipment and dredging practices and
a silt curtain to minimize the release of contaminated
sediments. There will be no air emissions of any consequence
from the thermal treatment process and overall the volatiliza-
tion of PCBs from the proposed remedy is less than under the ROD
remedy. The current proposal also involves substantially less
off-site transportation of materials, and thus fewer truck
trips, than the ROD remedy. See Attachment G.

G. Lona-Term Effectiveness And Permanence Of Remedy.

Slurry walls and caps are proven technologies and are
highly effective in containing substances like PCBs, which are
insoluble in water and which exhibit extremely low mobility in
soils and sediments. Construction of these remedial elements is
subject to standards that will ensure satisfactory performance.

The thermal and chemical extraction technologies, though
innovative, have been shown through testing to extract PCBs
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human health or the environment. Treating substantial
additional material would be econo^4"ally infeasible and would
preclude the project from proceeding.

D. Remedy Utilizes Permanent Solutions And Alternative
Treatment Technologies To The Maximum Extent
Practicable.

In addition to the isolation of contaminated soils, the
remedy will use thermal or chemical PCB extraction technology.
The Work Plan provides for use of a thermal extraction technolo-
gy (the Taciuk process) which has been operating for ten years
under the supervision and sponsorship of the government for the
Province of Alberta, Canada. The process has demonstrated abil-
ity to remove oil-like materials from sand and refinery
sediments comparable to those found at the Waukegan Harbor
site. The technology will extract the PCBs from the sand and
sediment in the treatment area at the site and the extracted
PCBs will be destroyed in accordance with the Toxic Substances
Control Act.

The remedy, therefore, permanently reduces the volume and
toxicity of PCBs. Over 96 percent by mass of the PCBs in the
Harbor and approximately 90 percent of the PCBs in the North
Ditch area will be extracted and destroyed. The proposed remedy
treats and destroys the highest concentrations of PCBs; it would
not be practicable to engage in substantial further treatment in
light of the very large volume of soils involved. Further
information regarding the material to be treated is summarized
in Attachment I.

E. Remedy Satisfies Statutory Preference For Remedies
That Employ Treatment Which Permanently And
Significantly Reduces The Toxicity. Mobility Or Volume
Of Hazardous Substances.

As indicated, treatment is a principal element of the reme-
dy and will permanently and significantly reduce the toxicity
and volume of PCBs. Not only will dewatering substantially re-
duce the volume and mobility of contaminated sediments, but
thermal or chemical extraction will be used to remove PCBs from
sediments and soils. Bench and pilot tests on actual samples
from the site demonstrate that the proposed extraction technolo-
gy is effective for this purpose. Approximately 15,000 cubic
yards of PCB-contaminated material will be detoxified. Because
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successfully from the contaminated soils and sediments at this
site. The highest concentrations :f PCBs will be permanently
removed and destroyed, virtually eliminating the already negli-
gible possibility that migration of PCBs at significant levels
could occur.

Operation and maintenance of the remedy, including monitor-
ing, is required to be performed until it is shown not to be
necessary for protection of human health and the environment.
The remedy 'also involves maintenance of an inward gradient for
at least five years to ensure that PCBs cannot migrate from the
containment cells. Attachment B to these comments discusses the
immobility of PCBs in the type of soils and sediments found at
the site. ^he Work PI?"1 appended <-o the Consent Decree further
describes the geological and hydrological characteristics of
this site, including the presence of a thick layer of relatively
impermeable glacial till underneath the site and the likelihood
of artesian conditions. Attachment C discusses the current sci-
entific literature, which continues to support the view that
PCBs are not an extremely toxic material. Attachment D discuss-
es the very low risk of environmental harm from PCBs at the site.

After completion of the Remedial Action, monitoring of the
cells will be conducted. OMC may then request that certain
elements of the operation and maintenance plan be discontinued
based upon information confirming that the remedy is working and
protective of human health and the environment.

H. Implementability.

Slurry walls and caps utilize well-known construction tech-
niques and are operationally reliable. Moreover, the conditions
at the site present no extraordinary implementation problems.
The soil treatment technology is available through an experi-
enced contractor and has been shown through testing to be me-
chanically and operationally reliable. Approved commercial
facilities are available for the off-site destruction of the
extracted PCBs. Seg also Section D, above.

I. Cost Of Remedy.

The proposed remedy is less expensive than the 1984 ROD
remedy, while providing greater short- and long-term protection
of health, welfare, and the environment. U.S. EPA estimated the
cost of the 1984 ROD remedy to be approximately $21 million.
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The current estimated engineering and construction cost for the
1984 ROD remedy is approximately $35 million. In contrast, the
engineering and construction cost for the proposed remedy will
be approximately $19 million (1988 dollars). OMC has agreed to
fund a trust and the Trustee will implement all remedial action
required by the Consent Decree.

J. State Acceptance.

The Illinois Environmental Protection Agency ("IEPA"), the
Illinois Attorney General and State natural resource trustees
coordinated closely with U.S. EPA during the discussions of the
proposed remedy and agree that the remedy is acceptable and con-
sistent with Lhe requireme-^s of CERCLA. IEPA and the Attorney
General also are signatories to the Consent Decree.

K. Community Acceptance.

As previously noted, the proposed remedy addresses key
points of community concern that were raised in comments on the
1984 ROD. In particular, the remedy is designed to minimize any
disruption of recreational and commercial activities in and
around the Harbor. A new slip constructed to replace Slip 3
will provide boating facilities equivalent or superior to those
presently existing in the Harbor. Dredging will occur outside
of the normal boating season. In addition, the remedy will
avoid the adverse impacts on businesses close to the Harbor,
such as OMC and Larsen Marine, and on use of the public beach,
that the 1984 remedy would have imposed. By emphasizing in
place containment, the proposed remedy also minimizes the risks
of accidents and injuries associated with off-site transporta-
tion of contaminated materials. U.S. EPA's public meeting on
October 18, 1988, revealed widespread community support for the
current proposal.



VI. CONCLUSION

For all the foregoing reasons, OMC urges U.S.EPA to proceed
with the entry of the Consent Decree and the implementation of
the proposed remedy.

Respectfully submitted,

OUTBOARD MARINE CORPORATION,

by ——>,—>„—^—•-"-•-- *ff——=—-
irectorx~0f Env j/ronmental

Control

fdner
Itfs Attorneys
, Carton & Douglas



Attachments to Outboard Marine Corporation's Comment

Attachment A - Statement of Laurin Baker at Presented at the
Public Meeting, Ort-ober 18, 1988.

Attachment B - Immobility of PCBs.

Attachment C - Toxicity of PCBs.

Attachment D - Potential Environment Harm.

Attachment E - Index of Technical Documents Appended to the
Comment as Exhibits.

Attachment F - Jim Chapman Affidavit.

Attachment G - Supplement to the Kisk Assessment
(December 2, 1988).

Attachment H - OMC comment on proposed NPDES permit.

Attachment I - Basis for Harbor Treatment Area.
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ATTACHMENT A

STATEMENT OF LAURIN M. BAKER
DIRECTOR OF PUBLIC AFFAIRS

ON BEHALF OF OUTBOARD MARINE CORPORATION
SPA PUBLIC MEETING ON PROPOSED CONSENT DECREE

WAUXEGAN HARBOR
OCTOBER 18, 1988

My name IB Laurin Baker, and I am director of publio affairs for

Outboard Marine Corporation, here in Waukegan. On behalf of

OMC, I would like to make a few remarks concerning the proposed

plan for the Waukegan Harbor that the USEPA has explained this

evening.

We have stated repeatedly during <~ne past several years that we

were in favor of resolving the Waukegan Harbor issue if it could

be done in an environmentally sound, cost-effective manner with

as little disruption to OMC and the surrounding community as

possible. The settlement meets those criteria, and we support

its implementation.

A brief history of this issue is important to understanding why

we support this proposal, when we have resisted previous

proposals regarding Kaukegan Harbor.

OMC and its predecessor, the Johnson Motors Company, have built
outboard motors and other products and component parts of those

products here in Waukegan since the 1930s. Today, we maintain

our world headquarters here, as well as our worldwide marine

engineering and testing operations, the marketing staff for
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our marine power products division, and a die casting facility

that supplies precision castings for many of our manufacturing

operations throughout the world. We employ approximately 1650
people in the Waukegan area.

Die casting is an essential element in the manufacture of marine

engines. It involves the creation of a precision metal part—a

cylinder head/ for example—by pouring molten metal into a mold,

or die. The machinery is operated hydraulically.

In the 1950s, in an effort to reduce the risk of fire and the

resulting injuries to employees, as well as the potential for

destruction of a critical manufacturing operations, OMC sought

to utilize fire resistant hydraulic fluids in the die casting

operations. Beginning in about 1960, we purchased such a fluid

from the Monsanto Company under the name "Pydraul A200." That

fluid was found to be the most fire-resistant on the market, and

was usfad from 1960 until the early 1970s, even though it was

significantly more expensive than other hydraulic fluids.

During the time of our usage of Pydraul A200, our facilities

were inspected by governmental agencies several times, and found

to be in compliance with all applicable laws and regulations.
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In February of 1976, however, we were told by the state

environmental protection agency that PCBs had been found In the

discharges from the die casting plant. We investigated the

situation and found that small amounts of PCBa were still

present in our discharges, apparently residuals from the period

of usage of Pydraul. He immediately developed and implemented a

plan, approved by the USEPA, sealing off all outfalls from our

die casting operations. In addition, we developed a closed-loop
system for our new die casting facility that was recognized in

1985 by USEPA as the only facility of its type to achieve the

clean water act goal of no discharge of pollutants to the

environment.

In August of 1976, USEPA advised OMC that the sediments of

certain portions of Waukegan Harbor and a drainage ditch north

of the die cast facility contained PCBs, and that USEPA believed

the sediments had been damaged by PCBs, which they believed had

cone from our die casting operation.

We met with both the USBPA and the Illinois EPA following this

notification, and a number of investigations were performed

aimed at determining what action, if any, was appropriate.

As a result of these investigations, experts and personnel of

the two agencies involved at that time concluded that:

—The PCBs in the sedimonts did not represent an immediate



health hazard and neither agency was prepared to identify any

remedy that they believed was environmentally sound and

cost-effective.

In addition, most of the experts consulted believed)

—any dredging of the sediments in Slip #3 would likely

release substantially more PCBs to Lake Michigan than no action;

and

—The best action might be no action.

After several years of discussions and failure to reach

agreement regarding what action, if any, should be taken,

litigation began in 1978, and continued until 1985. During that

time we investigated this issue thoroughly/ including taking

approximately 100 statements frora government officials, CMC

employees, and various experts and consultants to both the

government and OMC.

While those experts did not agree on all of the issues, they

agreed on one: Not one of them was willing to state that the

PCBs in Waukegan Harbor posed any immediate hazard to the

public.
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These facts are significant because they illustrate why OMC
resisted earlier efforts to remove the PCBs from the Harbor. WE

BELIEVED THEN, AND WE BELIEVE NOW, THAT THEIR PRESENCE, ALTHOUGH

UNFORTUNATE, POSED NO SIGNIFICANT RISK TO THE CITIZENS OF

WAUKEGAN OR THE ENVIRONMENT, in fact, as the scientific
community has learned more about PCBs, it has become

increasingly clear that while they have properties which call

for judicious handling and disposal, they have not caused the

significant health and environmental consequences predicted by

some.

Regardless, after 10 years of dispute, litigation and expense,

OMC concluded in the late summer of 1986 that a resolution of

this issue was best for all parties—the citizens of Haukegan,

the various environmental agencies, the businesses in and around

the Harbor, and the employees and shareholders of OMC.

Accordingly, we initiated discussions with USEPA in September of

1986 to see if an environmentally sound, cost-effective,

non-disruptive solution could be found.

In the two years since those initial discussions, we have met

exhaustively with the agencies Involved, and a number of

difficult legal and technical issues were discussed and ironed

out.
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We have now resolved all the issues necessary to implement the

proposed plan that has been explained here tonight. Those

activities can be implemented without substantial interference

with the present business and recreational activities in and

around the Harbor, or the proposed future development.

The consent decree, signed by OMC and all the governmental

bodies mentioned earlier, calls for OMC to pay approximately $20

million in damages to a True4- Fund, which will pay for

implementation of the work required by the decree. The Trustee

of that fund will see that the work is performed, and USEPA and

IEPA will oversee the performance of the work.

In summary, OMC has agreed to pay damages to fund a resource

restoration of sediments containing PCBs in Waukegan Harbor,

which are there because of our use of a fire-resistant,

safety-based hydraulic fluid which we purchased and used in

compliance with applicable laws and regulations.

We did not know of any potential harm to the public or the

environment posed by our use of this material, and we know of no

evidence today which indicates that there has been any harm to

public health.
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Regardless, we have determined that a final resolution of this

matter is in the best interests of all concerned—-the citizens

of Waukegan, the various environmental agencies, the businesses

in and around the harbor, and the employees and shareholders of

OMC.

Larsen Marine, whose usage of Slip #3 has made them particularly

concerned about the nature of any proposed remedy, is in favor

of this proposal. In fact, they will have new and improved

facilities as a result of this action, which is designed to
allow the continued operation of Larsen as well as continued use

of the Harbor by boaters. It is our understanding that the
Mayor and the Waukegan Fort District also support this action.

As a result of this settlement, we hope that any negative public

perception of Waukegan Harbor will be removed. The action will

increase the public's opportunities to use the Harbor for

boating and other forms of recreation; improve the potential for

future development; and create minimum disruption to OMC and

other businesses in this area.

In closing, we recommend that the proposed plan be implemented

as soon as possible, and we urge everyone interested in the

future of Waukegan and the potential development of the Harbor

to support this proposal.

Thank you.



ATTACHMENT B

Immobility of PCBs

Sediments play an important role in partitioning and

transporting toxic pollutants. Therefore, there has been

extensive review of the potential for PCB movement in both the

sediments and the overlying water column. This attachment

summarizes three major investigations regarding the mobility of

PCBs in various types of sediments and the resuspension of PCBs

in the water column. These studies indicate that when PCBs are

removed from the water column they become virtually immobile in

sediments. In addition, this attachment highlights a study

regarding the groundwater data collected at the site which

indicate that the PCBs are not moving into the groundwater at

the site.

A study by Griffen, Au and Chian, concluded that "PCBs are

strongly adsorbed by soil materials . . . and are not readily

leached [from soil] by percolating water." See "Mobility of

Polychlorinated Biphenyls and Dicamba in Soil Materials:

Determination by Soil Thin-Layer Chromatography," Proceeding of

the Eighth National Conference on Municipal Sludge Management,

1979, p. 183. This study used soil thin-layer Chromatography

(TLC) to measure the mobility of PCBs in various soils and to

evaluate factors affecting PCB mobility to provide a rational

basis for making predictions of PCB migration. The soil

materials selected for the study represented a wide range of

characteristics. "The data showed that under the conditions

tested, Aroclor 1242 and Aroclor 1254 . . . stayed immobile in



these soil materials when leached with water." Id. at 185.

PCBs remain immobile because they are "nonpolar and are only

slightly soluble in polar solvents like water." Id.

Under contract to U.S. EPA, Fisher, Petty and Lick studied

sediments taken from Waukegan Harbor to determine the rate of

release of PCBs from the sediments into overlying water and the

removal of PCBs from water through contact with sediments. See

"Release of Polychlorinated Biphenyls from Contaminated Lake

Sediments: Flux and Apparent Diffusivity of Four Individual

PCBs," Environmental Pollution "Series B) 5. 1983. The report

concluded that:

[b]ecause of their small apparent diffusivity, PCBs in
contaminated sediments are quickly removed from
communication with overlying water if the sediments are not
affected by physical resuspension, bioturbation or
bioaccumulation. Id. at 121.

The data showed that the flux of PCBs to overlying water is

strongly controlled by the kinetics of desorption. Id. at 130.

Four different types of PCBs were studied. It was assumed

that PCBs migrated by molecular diffusion and that an

equilibrium exists between the PCBs in solution and those

adsorbed onto the solids. Id. at 127. The mobility rate of

different types of PCBs is varied, due to absorption and

solubility differences. "Release rates vary among PCBs and are

a function of both concentration in the sediments and the

compound's molecular characteristics." Id. at 130. Regardless

of these variations, even the PCBs with the greatest mobility

had an extremely small apparent diffusivity. Calculating the

projected rate of movement of PCBs indicates that the rate

-2-



diminishes with time. "Consequently, barring disturbance or

direct bioaccumulation, sedimentation should quickly remove

PCBs from communication with overlying water" and would cause

the PCBs to be buried quickly. Id. at 129.

Finally, a health and environmental assessment conducted by

U.S. EPA discussed the potential migration of PCBs during an

earthquake event. See Public Health and Environmental Exposure

Assessment - Unison PCB Separation Facility Henderson County.

Kentucky. August 1986, pp. 5-21 to 5-23. The accompanying

figure illustrates the limited migration of PCBs in soils. Id.

at 5-22. This figure is a soil cross section of "a site near

Waukegan Harbor." Id. This soil cross section shows that

there would be only minimal migration, even in sandy soils.

These reports, along with other research, demonstrate that

the PCBs at the Waukegan Harbor site are not moving into the

environment to any measurable degree. The natural

sedimentation process at Waukegan Harbor has been progressively

isolating the PCBs from contact with the overlying water

column. As discussed in the Risk Assessment, the Harbor is a

known sediment deposition zone, with approximately 475,000

square feet of solids being deposited annually. Id. at 96.

This natural process will be supplemented by the proposed

remedy, which will isolate the PCBs in containment cells.

Thus, once the remedial action is conducted at the Waukegan

Harbor site in accordance with the proposed remedy, the PCBs

will not be in contact with the water column, rendering them

-3-



unavailable for physical transportation or biological uptake.

In addition, there will not be any potential for these PCBs to

be disturbed. Therefore, based on the studies discussed

previously, the PCBs will not migrate nor will they be

resuspended in the water column.

Moreover, the PCBs in the soils at the Waukegan Harbpr site

will not move into solution. The groundwater data collected at

the site show that the PCBs are not present at substantial

levels in the groundwater. (A-010). These same data also

demonstrate that there is no substantial groundwater flow from

the non-surface area into Lake Michigan. Therefore, due to the

characteristics of PCBs and existing natural conditions at the

Waukegan site, there will not be any significant movement of

PCBs through the groundwater at the site. The presence of the

containment cells makes the isolation of the PCBs from the

environment complete.

6933f
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INTRODUCTION
The entrance of polychlorirated biphenyls (RGBs)

into the food chain, (heir accumulation in animal tissues
and humans, and-their toxic effects have been well
documented in recent years (Jcnsen ct al., 1969;
Har -md. 1972; Solly ami Shanks, 1974; Harvey and
$•'-• jucr. 1975). The impact of the occurrence and
p^^istcnce of PCBs in the environment has also been
discussed by several researchers (Gustafson. 1970;
Peakall and Linccr. 1970; Nelson et al.. 1972). Even
though considerable effort has been expended to docu-
ment the various aspects of environmental contamina-
tion by PCBs. the transport mechanisms of PCBs in the
environment arc still poorly understood.

Di.spos.il of PCQs and related materi;il.s by land burial
have caused great concern (Jordan. 1977; Hendcrson.
1978) because surprisingly little is known about the
mobility of PCDs in soil systems. Th

The technique of determining pesticide mobility in
soils by soil thin-layer chromatography, or soil TLC.
was introduced by Helling and Turne ( 1%8). Since the
introduction of the technique, the mobility of a large
number of pesticides and radionuclidcs in a variety of
soils has been tested (Helling. 197la. I97lb. 197Jc;
Reeves, Francis, and Duj;iiid, 1977). Soil TLC is a lalx>ra-
lory technique thai uses soil as (he adsorbent phase and
a developing solvent (e.g.. waiter. Icachatc. or organic
solvent) in a TLC system. The system is relatively simple
and yields quantitative data on the mobilities of chemical
constituents in soils that appear to cwclate well with
trends noted in the literature (Helling and Turner. 1968:
Biggs, 1973; Reeves, Francis, and DuguiU, 1977).

'

lion indicnto* tha t PCDs arc sironu'lv niKorbi'd by soil
muteriai^thlaque. Scfimeddmg. and l->ccd. 1974; Hague
a'l'ij ivftrncdding. 1976; Gr i f f i n ct al.. 197H1 :m>| ^rf p«t t
teadilv Ica^p'*'' *•;• rrrr"|rirn^ waicr(Tucker . Liuchgi.
and Mees. I975>. ScharpenseeJ. ilieng. ami Stephen
(I978» also found tha t PCRs ucrc not rendilv leached
from joiTanu~inat the I 'CLis recovered Froui the soil

. mobility ol̂ CWIH 'VfSwrtCTflfc »mTlo evuTtKiie some
oftttt (BBIOfS'vMwlA^.UlHl^notNtnikThc use of soil
TLC provided a convenient means in measure the
mobilily of PCUs in a^irgc number of soils and with
several leaching solutions. Data describing PCD move-
ment through soil materials and the factors affecting
lh:it movement would provide a rational b;:sis for making
predictions of PCI! munition and for selection of f u t u r e

al sites.

a^ociaico wnn me sou ^ iJ '^llli^ in.uicr .
( 1 V / J ) rcpor icd Uiai aUiiT|T(um oi u n - i u m z c u organic
compounds hy soils wjs rcliilcd lo ihc organic mailer
content of ihc soil anj (o ihe (iciannl'wjicr p;iniiion
coeff ic icnis uf ihc conipouni l . R;i<,cd on (he nf i jnol /
walcr puni i ion c < ^ c f f i c i t - n i N for I'CMs. he predicted ihul
they would t>c i m m o b i l e in soils.

MATERIALS AND MKTIIODS

PCB
The PCDs Aroclors 12-42 and 1254 *ere obta ined

from the Mans : in t« i Chemical Co. (S t . Lotus, MO) and
wei e Uicd wii hi <u I f u r t h e r pur i f icnt i i in . T'ne "C-labclcd

WLTL- o b t a i n e d f rom New F n - l i i n d N u c l e a r

** .1 •

. ' i j
if•r
fc

.• •\

.i>
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Corporation (Boston. MA). Gas-liquid chromniogr.-iphic
(CLCJ traces of the "C-lnbelcd compounds were iden-
tical to (hose of the pure Aroclor 1242 and 1254: there-
fore, it was assumed thai the two compounds were not
significantly different and that the "C-labelcd and pure
Aroclors would behave similarly in studies of mobility.
The specific activity of Aroclor 1242 and 1254 were
0.119 mCi/'mg and 0.096 mCi/mg. respectively.

A used capacitor fluid was also obtained for study.
The fluid was drained from a burned-out 50 KVA
capacitor manufactured in 1966 and originally contained
Aroclor 1242. This" capacitor fluid was analyzed for
PC8 using standard CLC techniques and found (o
contain pure Aroclor 1242.

Soil Materials
Soil mat eriafc rcpf cscwing a wide omge in ctaraooM

ties were selected frw jtndjB These included a pure
silica sand and seven soils: a medium-temperature
(I200°Fl coal char was also used. The material* ana
some of their chemical and physical characteristics are
listed in Table I. All f l ic soil materials were ground in a
mortar and pcst/c and screened (28 mesh) before use.
Methods of chemical analysis have been described by
Griffin and Sbimp (1978). The nitrogen and carbon
dioxide surface area measurements were performed as
described by Thomas and Frost (1971). The ethylene

plycol surface area determination was described by
Dower and Gschwcnd (1952).

PCD Mobility Studies . • "
Tfce mobilitlcTof Arocfor 1242, Aroclor 1254. 'used

capacitor fluid, and Dicamba were studied asms the
soifTLC technique described by Helling (1971 a). The
adsorbent was slurried with water until moderately
fluid, and was applied with a spreader lo a clean glass
plate (20 cm x 20 cm) that had been washed with
ethanol and acetone. The adsorbent was spread to a
thickness of 0.5 mm and then air-dried. A horizontal
line was scribed.with a stainless steel spatula 12 cm
above the base to slop solvent movement: vertical lines
Jt-cfc icrihcJ 2 cm apart lo separate the various ireat-
jncnts. The radioactive compounds were spotted 2 cm
Trom the base and leached 10 cm with a developing
solvent. The activity'of the "C-labcled compou..^
spotted was 22.000 d.p.m. (K4 ng for 1242. 104 ng for
1254). The philc was immersed in 0.5 cm of solvent in a
closed glass chamber and was removed when the welting
front reached the horizontal line. Leaching was thus
ascending chrnninlngrnphy. The developed plate was
then removed_and air-dried. A piece of 8-x-IO-inch
medial X-ray film was placed in direct contact with the
developed plate for a period of two weeks. The resulting
autoradtograph indicated the relative movement of the

TABLE 1: OuncleriijUi of toll m«lcri*U.

Surface »rea

Material

Cation-exchange
capacity N»

pit (meVlOOg) (m*/{

Avn
Sllty clay loam 4.5

Bloomfield
Loamy sand

Cotlln
Silt loam

Catlin
Loam

Clsne
Silt loam

Coal char
(1200*F)

Drummer
Silty clay loam 6.7

1.3.1

5.7 0.8

7.1 18.1

8.7 4.7

3.9

7.3

29.4

Ottawa
Silica sand 5.2

8.0

9.6

Flanagan
Sllty clay loam 6.6 23.3

0.0

Ethylene
CO, clvcol

(">*/['.). (m /B)

. Orj;anl-
S.ind Silt Clay carbon
(Z) (2) '(Z) (Z)

28.3 28.9 55 ' 2'

1.7. 2.2 . 2.0 »2

10.4 26.. 5 68

11.5 11.2. 17

6.1. 13.0 23

1.60 251 55 V

22.1 29.1 103

12.6 32.8 ' 93

0.5 0.4 <1 100

69.6 28.4 1.18

10 8 0.21

U.6 60.9 27.2 4.73

35.9 43.5 18.5 0.57

13.8 70.8 14.8 . 1.30

74.04

17.9 *9.5 31.6

5.4 65.2 29.4

2.17

2.62

<0.01



compound, which was measured as ihc fronia! R f o f t h e
spot or streak.The RfvaHK is defined** the rat ioof the
distance the compound moved {cla^ve to (he distance
the solvent moved. The Rj\ralocV*<l.uaiuit:itivc imlicn-
lion of the front of-PCO movement and a reproducible
index of mobility. Dicambn. a pesticide of known high
mobility.-was used as an internal standard.

The soil TLC plates were developed with three
leaching solvents: distiUctT-de5oni7.ed water. Du Page
Jcachatc. and carbon tetrachloridc. The water used was
distilled water that was further purified by passage
through a Milli-Q (Milliporc Corp.) reagent grade (rIO
megohm resistance) water system. The organic solvents
used in the study were glass-distilled from Ourdick and
Jackson (Muskegon. MI). The Du Page leachate was
collected from the Du Page County. Illinois, sanitary
landfill (well MM-63). The details of the site description
and well. location have "been given by Hughes, London,
and Farvolden (19*71). The chemical characterization
of Ih i Page leachate was given by Griffin and Shimp

7f,,. The three leaching solvents were each extracted
Vfth hexane and analyzed for trace contamination by
PCDs using standard CI.C techniques and were found
to be free from com -mination.

The mobilities of the two Aroclors and Dicamba
were also measured on silica-gel (GF-254, type 60.
Brinkmann Instruments.'NY) TLC plates leached with
• variety of solvents. The solvents used were deionized
H»O. Du Page leachate. carbon tcirachloridc. genzene,
acetone, waerzacctone (V/V. 80:20). methanol, water:
mcthanoI{V/V. 15:85). and water:methanollV/V. 9:91).

To confirm the data obtained from autoradiographs,
zonal extractions were also made on several lanes spoiled
with PCD. A given lane was divided into 12 equal
segments starting from I.S cm below the origin to 10.5
cm above the origin. The soil in each segment was
caref"Hy transferred to a clean graduated centrifuge
rube /hich0.5MlofCi/AOII:II;O(V/V. 1:1) mixture

aadcd and 4 mL of nunogradc hcxane was used as
titC extracting solvent. The cthanol provided a more
polar phase whereby the PCB in the soil could be more
effectively extracted into the hexanc layer. The soil
suspensions were sealed with aluminum foil and mixed
with a vurlex mixer for a few seconds and left to stand
for an hour. This procedure was repented three times
to allow complete extraction of PCU from the soil.
Using this procedure, a recovery of 99.7 ± 1.51% of
PCB was obtained. The soil suspension was then centri-
fuged at 2500 rpm for five minutes. The final volume of
hexane was recorded. One mL of the radioactive PCD-
hexane solution was then pipetted into a scintillation
vial containing 10 mL dioxanc scintillation fluid (7 g
PPO.0.05 gPOPOP..I20g Naphthalene in I L Dioxanc),
and the activi ty u-js counted for 10 minutes in a Packard
tri-carb liquid sc in t i l l a t ion spcctromeicr model 3320.
All counts were corrected for quenching and for machine
efficiency. In the case of nonradioactive PCDs (capacitor
fluid), the hc ianc ex t rac t was analyzed for PCB by
Standard GLC techniques. The conditions for the gns

ih ic analys is were as follows:

Instrument:

Column:

Injection port temp-
erature:
Column temperature:
Detector temperature
Carrier gas:
Electrometer:

Utilization in Soil Systems 185

Varian 2100 series
Sc'H electron capture detector
6-ft glass column
2.5% OV-210 and 1.5% OV-17
on 60/.10 supelcoport

. •

220° C
200°C . '
:250°C • .
Ni. flow 15 to 20 mL/min
range 10 * amp/mv,
attenuation 16

RESULTS AND DISCUSSION
Rf values obtained from autoradiography were com-

pared with those obtained by zonal extraction. The
agreements were very close. Autoradiography was
especially valuable for soil TWT studies, as it provided a
qualitative picture of movement (e.g.. diffusion and
tailing) while allowing measurement of frontal Rf. Zonal
extraction gave a more quantitative picture of PCD
movement. Also detected by the zonal extraction
procedure are tailing, the origin spot, and the frontal
movement of the compound: however, def ini t ion of
the concentration profile is limited by the length of the
soil segment chosen and by the extraction and analytical
efficiencies. The two methods gave essentially Jdemical
pictures of PCB movement on TLC plates.

The mobilities of Aroclor 1242. Aroclor 1254, and
Dicamba in several earth materials expressed as frontal
Rf values arc summari/.cd in Table 2. The data lor
capacitor fluid were identical to Aroclor 1242 and are
not shown in Table 2. The data show that under the
conditions tested. Arm-tor 1?4? nnd Aroclor 1254 (and
the capacitor fluid) stayed immobile in iho»e soil inaicn;iT7
when leaciicn w|i" waier or bit Pugejcaehaic but ueie*
lustily mobile when IcaehcJ"vvitTi c;irl>unTi'1racrriofi<Jc.'
Dicamna showed the reverse tren«\ T>eing highly m"o}»lc*
in water and in On Page leaehatc and stationary in
carbon tetraehloride. * .

A closer looV at the structure of Dicamha and PCA
will help explain the mobilities observed. Dicamha is
3,6-dichkw«>-<>-ani*ic acid. With two polar groups R-
COOH and R-OCHi, hydrogen bonding between the
water molecules and the carboxyl and methoxy groups
of Dicainba can occur, and (his increases die solubili ty
of Dicamba in polar sqjvcnis like water and leachate.
Solubility of Dicamba in water b> 4.500 ppm (Herbicide
Handbook. 1974).

The structures of PCDs consist ol two linked phenyl
.rings having chlorine atoms subst i tu ted for hydrogen
atoms at various positions around the rings, thus con-
s t i t u t i n g the various ixumerv Aroclors 12-12 and 1254
contain an average of 42". and 54% subst i tuted chlorine.
respect ively.

soluble
_
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Litschgi. and Mccs. 1975). and Arorlor I2M. .Vi pph
(Haque. Schmcdding. anil Freed. 1974); however. PCUs
arc more soluble en organic solvents such ax acetone,
rnelhanol. benzene, or carbon telrachloride.- Mobilities
of Aroclor 1242. Aroclor 12M. and Dicamba were tested
in silica-gell lc;ichcd with acetone, mclhanol. benzene,
carbon tctrachloridc, and mixtures of water-acetone
and water-meihanol. The results are given in Table .1.
Consistent with the soil TLC data obtained by leaching
with carbon letrachloridc, Rf values of 1.00 were

obtained using the organic solvents. The data alvj
indicates that relatively small amounts of water (*)%) in
the inclhanol-watcr mixture significantly reduced the
mobility of the PCDs compared to pure mcthanol.
Dicamha mobility followed the reverse trend. It is quite
clear that mobilities of PCBs and Dicamba in soil
materials and silica-gel were highly related to the
solubility of PCBs and Dicamba in the solvent with
which the TLC plates were being leached.

TABLE J: Mobility of Aroclor 1741, Aroclor 1254. «nd OInrelM In UTtril in3 tnrtcrUU wUk tirloin (etching t«lv«n(i u me«urc4 Hy t«D TLC

Aw« t l l t jr cl«y lot*

Bloovfitld le«»jr Mnd

(Jtlln (lit lo«

Catlln lo»

Clsn« tilt lo««

Co«l char (1200V)

Dnnncr *llt lojn

Fl«n*(in illc lo*«

Ottawa dllca «.ind

Aroclcr
1242

.02

.03

.02

.02

.0]

.03

.03

.02

.01

M,0

Aroclor Dtcavh*
125*

.02 1.00

.03 1.00

.02 .»}

.02 1.00

.02 1.00

.03 .71

.03 0.**

.02 1.00

.03 t .OO

Hf Value*

Du Pace l«*cK.it«

Aroclor
1242

.02

—

.04

.01

.03

.04

—

.06

.03

Aroclor Dicanba
m* ^«
.02 1.00

_ _

.04 .90

.01 1.00

.02 .»«

.04 .«0

_ - —

.01 1.00

.01 J.OO

CC1.

Aroclor- Aroclor
1242 125*

1.00

• -

1.00

1.00

1.00

1.00 :

1.00

1.00

1.00

.96

. —

1.00

1.00

1.00

1.00

1.00

1.00

1. 00

*

Dltimbj

.02

- • .

' .02

'.03

.OS

.0}

.03

.JJ

.02

TABLE 3: Mobilltj of Aroclof 1247, Aroclof 1254. mil Dletmb* nn »!llci -t«l TLC pl«le» mlnj r.rfout kicking u>l*<nli.

.- Rf Values

Aroclor 1242 Aroclor 1254

D.I. H20

Du Page leachate

80% H20 and 202 Acetone

Acetone

15% H20 and 85% Methanol

9% H20 and 91% Methanol -

Methanol • .

Benzene

Carbon tctrachlor ide

0.

o.
Q.

1.

0.

0.

1.
0.

•1.

15

15

09

00

70

80 •

00

99

00

0.15

0.15

0.06

1.00

0.79

0.83

1.00

0.95

1.00

.Dicamba

0.9.5

0.80

0.30

0.83

0.71

0.70

—

0.09

0.03
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The above finding has great significance for disposal
if PCD wastes. To prevent "nli '11 ""' 'T" "f
ira landfill. _
ToTCc Jtspos*"'' nf injpg-Aamc landfill location. "ami jhe

should not be allowed to come in contact with
caching t

It is interesting to correlate the mobility of PCBs in
urbon letrachloride with characteristics of the earth
naterials. e.g., clay content, surface area, pH. cation-
:xchange capacity, and- organic matter. The ronal
^traction technique yields a quaniitalive measure of
he quantity of PCB that moves to the top of each soil
FLC plate with the solvent. Although PCBs have Rf
/alues of 1.00 for all (he soil materials leached with
arbon letrachloride in Table 2. the percentage of PCBs
hat were retained against leaching were different for •
:ach of the soil materials. The mobility measured in
his ir~"ner was correlated with the soil material

ie t,
^_,ae relation between the total organic carbon content-
jf the soils and retention of PCB by soil leached with
:arbon tctrachloride was investigated, and the results
tre shown plotted in Figure I. The plots indicate there.
$ a tendency toward a higher percentage retention of
\roclor 1254 compared to Aroclor 1242. This Hypothesis
vas tested using the paired t-lest statistic (Texas Instru-
nents. 1975) for pairs of data from the same soil. The
esult was a highly significant (.01 level) difference
teiwcen the mobility of Aroclors 1242 and 1254 in
urbon ictrachloridc solution, with Aroclor 1254 being
ess mobile. This result is in agreement with Tucker.
Litschgi. and Mees (19751; Haquc and Schmedding
1976); and Lee et a I. (1978). whp fnuad-ihe-hJEhej;
chlorinated PCn i«r.mcrs had a higher affinity for soil
gaTcTClk lhan the iMwr^hlorinated isomcrs.

1t\f '^sults of linear regression analysis of the data
ho<>(> Figure ! is given in Table 4. The data yielded a
v^_^ significant (.001 level) correlation between rclcn-
ion of PCBs by soil and the TOC content. The
roefficien is of determination (r7! were O.R7 and 0.84 for
\roclors 1242 and 1254. respectively. These results are
.-ongruent with those of several other workers who
iave also noted a relation between PCB retention and
.he orpanic matter in soils (Briggs, J973: Iwata. Wcstlakc,
ind Gunthcr. 1V73; Tucker. Litschgi. and Mees. 1975;
Sharpcnscel. Thcng. and Stcphan. 1978; Lee et al..
1978).

Also included in Table 4 nre the results of linear
•egression analysis of the effect of surface area on
•nobility of PCfls. The results indicate no significant
zorrelation with nitrogen surfnce-nrca values, but signif-
•cant correlations were obtained using carbon dioxide
sml cthylone glycol surface-area values. Furthermore.
highly significant correlations were obtained by including
txjth surface area :md TOC content in regressions with
:he mobility of the two Aroclors (Table -I).

Nitrogen adsorption is Considered to measure cxteninl
surface area. The molecule tines not penetrate pores
less than ahom 5 angstroms in diameter nor docs it
pcnctr.ile (he intcrbycr regions of cxp:md:iblc clays.
Cirbon diuiidc molecules partially penetrate into the

tnlerlaycr region of expandable clays, and are also able
to penetrate pores less Hun Jive angstroms in diameter.
Elhylene glycol molecules are able to penetrate the
intcrlaycr regions of expandable clays and give surface-
area values considered to represent (he total surface
area for these types of samples. The difference between
nitrogen values and etliylcnc glycol values can be used
to estimate the surface area of the interlayer region.

The lack of strong correlations and the variability in
the results using the surface-area data does not allow a
conclusion to be reached as to the ability of PCB
molecules in carbon ietrachloride solution to penetrate
into the interlayer region of expandable clays or as to
(he significance of the surface area of soils in retarding
PCB migration. There is, however, a clear relation
between the TOC content of the soils and their ability
to retard PCB migration.

I

i : 3 4 s
roc (xi

Fgurc I: Retention o( PCB m loth leached with cnrK* (etrachloriJe
as a function ot total organic urUtn (TOC' cnnieni <>( the
'ma. •

CONCLUSIONS
1. Aroclor 1242, Aroclor 1254. and capacitor fluid

remained immobile in soils when leached with water
or Dti Page Vcaclciic. but were highly mobile when
tc-jchcd with carbon tetrachloride. Dicamha showed

• the reverse trend.
2. The mobilities of the PCDs ami Dicamba in soil

materials anil silica-gel were highly rd:iu-il 10 their
solubilities in the solvent with which the TLC pl.itcs
v. crc being U-.ithed.

3. 1 he higher-chlorinated Aroclor 125-1 w.ts less moliilc
in soils leached with carbon letruchluride lhan the
I.iwcr-chloriiutcil Aroclor 12-^2.

•.-*$~n
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4. There was a highly significant (.001 level) corre-
lation between the mobility of PCDs in the soil
and the soil's TOC content.

TABLE 4: Result* nl tlnc*r'rc(rc*<ln« anal\»h of rclrnllnn'nf Arnclor
1342 and A roc lor IJM It; tottt again*! teaching «lih rut-
hon lelrarbloridc |RI »er»u« the lolt properties of loul
organic carbon (TOOcontent and jurtace area mriiurcd
by advtrpllon of ntlr«cen.(N,SA|. cirbun dtoilde ICO-
SAJ, end «lJijl«ne glvcol lEC-SAI ctprcstcd at vatuci of
the. coefficient ol determination (r1).

R vi. TOC

R »•'. I»:-SA

1 v». CO.--SA

R «.. tC-SA

R v«. TOC. COj-SA

R v(. TCC. EC-SA

KS Kot ai(niflcj*t
'Slpnlflcant at 0.
Significant at 0.
Sl|alflcnn: ac 0.

r* value*

Arorlpr IJ'.2 Arnrlnr IJJi

0.87* O.»»r

O.Dl"' O.OT"*
. .

O.S4* 0.5**

O.UC O.*l*

o.»or o.«V
O.»3e 0.87r

1 l.-v.l.
0} level.
001 level.
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INTRODUCTION

The presence of polychlorinated biphenyls (PCBs) in Great Lakes
ecosystems is a problem of considerable importance. Because of their
chronic toxicity. bioavailability and environmental persistence and
ub iqu i ty . PCBs have been the focus of considerable work over the past
few years: en\ironmentalists have been particularly concerned about the
fate and transport of these materials within natural waters and sediments
(Rischrough ft al.. 1968: Gustafson. 1970: Hammonu. 1972: Nisbet <&
Sarofm. 1972: Pavlov & Dexter. 1979). Although PCBs are no longer
manufactured in commercial quantities, they are Mill being introduced to
the Great Lakes via both runoff anu atmospheric sources (Murphy &
Rreszutko. 1977; Murphy. 1979). Further, a large inventory of PCBs
exists in Grea« Lakes' sediments (Schacht. 1974; Glooschenko et al..
1976: Frank 17 al.. 1977. 19790.A. 1980. 1981: Eisenreich ct al.. 1979).

ft is well known thai sediments play an important rot m=4l^
partitioning and transport of many toxic poffStanff That PCBs are
tmim.neh assiviated wi th sediments is well documented (Haquc ft al..
1^"4: H.iilex ct al.. 1975: Glooschenko ct al.. 1976: Frank ct al.. 1977.
jo-.),, /, JQSU. 1981: Steen <•/ al.. 1978: Weber r; al.. 1978: Morgan &
S.'rr.nier. 1«J~9; Tofflemire et al.. 1979). Consequently, the sediments ol
any water body must be viewed as the largest sink-source for these
materials. Data presented by Halter &. Johnson (1977) clearly dem-
onstrated that PCB* are released from sediments to overlying water.
E\cn so. detailed knowledge of the direct flux of PCBs from sediments to
o\ crl\ inc waier is not currently available. Previous experiments (Halter &
Johnson. N?"M have used sediments spiked with commercial PCB
mixtures, and PCB flux was quantified as total Aroclor 1254". A flux of
0-5nmolm :d:i\ *' at day 4 from a 200/igc"' (as Aroclor 1254)
spiked sediment could be calculated from their data. The surface
area of their experimental device was estimated to be 0-1 nv. and the
a\eragc PCB molecular weight was taken to be 200gmole"1. Aroclor
mixtures used in spiking experiments, however, are not necessarily
equivalent to mixtures of PCBs found in natural sediments. Weaihcrcd
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PCB mixtures differ in component abundance from commercial mix-
tures, and they have a longer neriod of interaction with sediments than
commercial mixture spikes. Further, the physical, chemical and biologi-
cal behaviours of individual PCBs are not equivalent and depend on both
degree of chlorination -'.nd chlorine substitution pattern (Huntzinger ct
al.. 1974JT: In order lo understand the behaviour of PCB» in sediments.*
real contaminated sediments must be studied and the behaviour of
individual PCBs (as much as practicable) must be followed. Here ue report
on microcosm flux measurements of four PCBs (2.3'. 5:2.2'. 4.5': 2.2'. 4.
5. 5': 2. 2'. 3'. 4. 5) from contaminated Wuukcgan Harbor sediment to
overlying water. These are the first such measurements reported, so far as
is known to the authors.

METHODS AND MATERIALS

All solvents used were Burdick and Jackson 'Distilled in Glass'.
Individual PCBs were obtained from Analabs. Commercial PCB mix-
tures and lindane were obtained from Applied Science. M.issachu>ett>.
I'SA. All glas>warc v\as washed with hot soapv u;ncr. rinsed with
dcioni>cd water, acetone and hc.xane. dried at 250 C. then cooled and
wrapped or covered vvith a luminium foil unt i l u>ed.

A diagram of the flux monitoring microcosm chamber is shown in
Fig. 1. The device cor.sistcd of a 20UO ml (cross-sectional area •» lOOcnr).

FIR. I. Plus monitorinc artrt-«';it"» -\.
Water intake. B. Magnetic Uwcn pear
pump. C. Water h>pa». D. Hol\oicth.»nc
foam concentration column E. Waier inlet
di(Tu>cr. F. O^crhinp water. G. To*
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flat-bottomed reaction kettle (Kl MAX 337(10-2000) which contained the
sediment -water system. PCBs released from sediments to overlying xvntcr
ucre collected by continuously circulating the overlying water through a
polyurcthanc foam (PL'F. hexane pre-clcancd. Analabs REC-084) col-
lection column (22 x 150mm). Apart from the PUF. water in thisswem
contacted onK class, stainless steel and Teflon. The entire system was
maintained at constant temperature (16 C) in a low temperature
incubator.

Test sediment was obtained from \Vaukcgan Harbor. Illinois. USA. b\
the I'S En\ i ronmcnlal Protection Agency The sediment, a silt clay
containing 2-9 "„ organic carbon, was stored at room temperature in
air t ight plastic bag* placed inside cylindrical cardboard shipping con-
tainers. The hulk sediment was homogenised and a 1000 ml aliquot of
sediment uas placed in the reaction kettle and stirred rapidly with about
suto ml of vv ater unt i l an homogeneous slurry was obtained. The keltic xvas.
then covered with maminium foil and *..pt at 16eC overnight to allow
>ettling. Alter connecting the kettle to the rest of the apparatus and
inserting four prc-cxtractcd (oxernight Soxhlet extraction with 1 1
hexanc acetone) Pl'Fs into the concentrator column, the overlying \\atcr
\\a-» circulated through the PUF column at a floxx rate of about
20mlmin '. After 4 days, flow was diverted from the concentrator
column and ihe PUFs xvere replaced x\ i th a new set. Flow xvas then
redirected through the concentrator column to begin the second col-
lection period. This cycle xvas repeated unti l a total of fixe collection
periods had been experienced.

After being remoxed from the concentrator column. PUFs were briefly
ccmrifuuc j to rcmoxe excess water and placed in a Soxhlet apparatus.
1 hex were extracted for 24 h xvith •» 300 ml of hexane acetone (I 1.x x i.
The extract xvas transferred to a separating funnel and the aqueous phase
drained into a second separating funnel. The organic phase xxas
transferred to a 500ml Kuderna-Danish cxaporatix-e concentrator. The
lirst separating funnel xvas rinsed with a small volume ofhcxanc. and the
rinse xvas n>ed 10 extract the organic phase in the second funnel. The
rinse extract was also added to the Kuderna-Danish concentrator. The
M-luiion xxas concentrated (boiling xvatcr bath) 10 approximaicly 6ml.
This xvas transferred to a 10 ml graduated receiver tube which was then
fitted xvith a Snxdcr reflux column for funhcr concentration to 1 ml. The
concentrated raw extract was cleaned up on a 1 x 30cm column packed
(in he.xane. bottom to top) with copper (reagent granules, prcclcancd
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sequentially with 10".. HNOj. deionised water, acetone, and he.xane.
2cm length), silica pel (activated at 250 C. 15cm lenethjand anhydrous
sodium sulphate (5cm length), and eluted with 60ml of he.xane. The
eluate was collected in a 500ml Kuderna-Danish apparatus and con-
centruied to about I ml. If further concentration was required before GC
analysis, it was accomplished hy evaporation at room temperature under
a stream of purified argon. All final concentrations were performed in
calibrated tubes with 01 ml gradations. The efficiency of this procedure
has been reported to be - 100"0(Gesser ei at.. 1971; Musty &. Nickless.
1974).

PCBs w ere extracted from wet sediment. Aliquot* of wet sediment u ere
transferred lopre-c.xtracted Soxhlet thimbles and weighed. \V-.itcr content
of the sediment was determined for dry weight conxcrsion. Sediments
were So.xhlet-extracted for 24h with hexane acetone • I I. v v). Extracts
were collected, concentrated, cleaned up and reconcentrated in the same
manner as the PUFs. The efficiency of this procedure has been reported to
be >9S",. (Bopp t-t a!.. 1981). Depending on the individual PCB. the
overall efficiency of our procedures varied between 12 and SO"., for both
PIT plugs and sediments.

Concentrates were analysed for PCBs on a Hewlett-Packard 5 Wo A pas
chromatoyraph equipped wi th an Ni-63 electron capture detector. u«np a
Hewlett-Packard 50m x 021 mm (inside diameter) fu<ed silica capillary
column coated with OV-101. Analysis condition^ were 90 C for I min.
then to ISO Cat 10'C min.then io240 rCat I-5:C min. Injections were
made using the splitless mode with a 0-6min injection period. Column
inlet pressure was I-4nt m": (20psi). injector temperature was 220 C
and detector temperature was 300:C. Quantitation was by the internal
standard method using lindane. Relative response ratios for the four
monitored PCBs were determined by analysis of standard solutions. With
this arrangement as little as 20 x 10""moles of any of the four
monitored PCBs could be detected.

RESULTS AND ANALYSIS

PCB concentrations were determined hy capillary gas chromatopraphy.
A typical chrornatogram of \Vaukeean Harbor sediment extract is show n
in Fig. 2. Scdimcni concentrations of the four PCB> studied are given in
Table I. Fluxes observed for t l ic various isomcrs are given in Table 2
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:. -c of;he experimental set-up, we c.m consider the test scdimen' :«<
r i r t i i t e medium. Further, we may assume ihat at any lime curini:

urimen; th? concentration of any PCB at the sediment \.jter
i1 >: = 0. depth measured positively downward) is zero:

r.(u.o = o (i.
:s the PCB concentration (mas* total volume) in the interstitial

!ic.' the sediments were homogenised, we may also assume :ha:

TABLE J
Con.-cr.iraiion> of the Four Pol.tchlorinau-.'
b:pner.yls Studied in \\ julc^in Harbor Test

Sediment '

fCf Stuinit'n:
Jr\

5-7
1-3
059

:. :•. 4.5.5
•2 .2 .3 .4 .3

' PoKrbloriiuted hiphenyl uith chlorine »uh-
positions indicated.

I-

;hc e
lh;m T.

\\e ear.nci

where C , i» i!:.
A' is ;• TMni. i .

i l l> JSNl.l . lk

inUT%:iii.il \\.'.
>oiu;;.-/. arJ t
lion> .:r:o ;!uxi

any depth an.

uhcrc/>" -71

sediment pv-»r,
estimuicd 1'ro
the scui



TABLI: :
Fiu\.-> :Vr »h; Four ?«••!> ch:or;n.iic: B:phcr.>'.- Si.:Jic-

-. .« . f .'. ." . -. * .'. .T . « ' . * . ' " * v

1- 04
: •» i: ••:: »is.* 1 5^ " -jn
.; i: :.« " i: < i ^ ^ i i«« i t-i
•J 25 •J'* •* Cor-.-minaicj
5 -J)* V 7?-> 1)01 0 ?t> i: 67 • • ! *

• PorioJ uscJ to remove >u-;vnJeiJ jvirt ;.;'..:> from »JUT.

the concentration of any PCB isomer i« conttunt over ull ucptr.s greater
than zero.

v .5 - .H :.:.4.«.. c".»:.0)
\Ve cannot measure C\(:./i direct!). but cun relate C'.ir :• .v* the total
measured concentration. CTC.n:

a n v ;ir.:.t Jur in- , . , . . ..");_. .. . C r ( r . / ) - A c , ; r . ?> ,.*i
'» '-1'1 \\ r.erc CT is '.he mass of I'CB adsorneu per unit niu>^ of dr\ xcJirr.cn; xu!

A" is- a partition coefficient.
it is assumed lhat the PCB> migrate K nw>nxular ditru>:«»n in .he

m ihe ,,: .v*:i::.i! interstitial waters and that' an cqu:i.brjurn ixi»i- between :hc PCB* ni
.:so :!SN«.:me th;/ >olutk>n anc those adxvhcd on thc'tKtMU (eqn. «5)» . For ihe>e a»uiv/>-

tions and the condition* -peciiicd abv;»e. a solution can be re:uiily fou "d
iCarslau &. jaeger 195^; Berr.er. N£0). The concentratio.i ;;:a
ar.y depth and time is given by:

»here D" —D ll -f A );>iheapparent diflusivhy. A » A ,v« - o> O. • •>
Ncuiment porosity (dclineU as pore \olume divided by total \oiume ai:. :>
estimated from the sediment-water content) and <», is the balk density of
the scdimen; >olids and is 2-6. At the surface, ihe gradient is.

rr
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ami tlie flux across the >trdiment-w. i tcr imert'.i.-e /" t / i is ci\cn b>

rs C'F(n = D --=-*.«
x r.D*i

By »ol\ ing lor the apparent di<Tusi\ i ty. \\c obtain:
...
D = 7=^ --.—--'C], •:(! -0)- i •

I t ' ; h i < mode', is an iippropriate description of the beha\iour of PC d-.
the measured ^u\ should be inversely proportional to x /. Tni> behjviou.-
i\ demonst r.iied in F'I^. 5. \vhich shows the measured fluxes Tor the four
PCBs plotted acainst the reciprocal of the x /. N'alucs of/)* for each -."
the l*C"Bs \\ere c.ileu!:ited using cqn. (7) . Re,:re><iion lino were pav«.-c
t h r» i . i uh the point >>ho«n in Fig. ? u- obtain values of /"(M-Thcestiinai;"
so obuiincJ a:.1 en en in Table .'. A similarly calculated value usir.^ if.:. a
from H.il:cr A: Jo!in>on (1977) for loial Aroclor 12M i> •ncL.c-.'v! for
comparison. Th.- decree of mobility of the PCBs studied ua- 2. 3'. 5 < 2.
2 . 4. 5' < I. 2 . y. 4. 5 < 2. 2'. 4. 5. 5' with u ratio of n* \..Iue> o:~
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h> at k'Jst a factor of "&W, ^OF^Mr£.excft^ClfiuhAh.cuu.3t
\\eishts may \;ir> in mohilit;. Srat k-J>( a factor o:*4. » nc>c
ftaobility are probably Juc iO \-3ratio-; a aj.->orjM:on
S0h5titution patttvn and i;s e:fccts en S^J*t>"a"^ ot

carr oxershadtMv m^eVtfSsr «ercnr f apparent

DISCUSSION

Exen the mm: mohtfe compound aud.^ had an extrenu - sa^
apparcmdirTushiq, The /)• value l\.r 2.2.4.5.5 .penuehlorob^hern^
only 8-> x JO' ^'^^^r^MljiHm^HM^^tM.^^

bonce ot dii(Manhcim. 1970).
xVn9tttiuon.

v flttaics^ion « iUusvd^aq t̂tB^ The dist Jtxre tra\cTM.M by di;: *.>ion in
time / i> N D*i. In ;he same umeintenal. sedimentation causes an upward
moxement of the >ediment water interface of <-ji («•; is the «dim..i;atior.
velocity). The distance covered by sedimentation and diffusion is
equKaient after some time denned by:

D'
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After th i s time, sedimentation will ouirace diffusion. Even with
-Jimeniation rate as low a> »G~ :crr. year" : i2-~ v lC" ?cmda\ *

P("B> in j'conbminatcd surface hirer vu-uid be removed from C
:nun.ca:ior. wi th overlying water in about Tycars. A? noted above, t hi*
calc atotior. ignores bioaecumulation from sediments, and disturbance bv
-.-. .ive*. currents, or ivoiurb.ition. The effect* of these on the rcle.t»c of
PC Bs from sediment < need to b? investigated. In particular, the e!Te«rt> of
->:o;urb_;ivn should be addressed since sediment stirrir.i.' by animaN car,
na'-e thv .r'ect of continually renewing the sediment surface wi;h PCB
cor.ian;:.-.a:ed mater:ai (Fisher »•: al.. I9SO: McCall &. Fiiher. 19S(i)j
this case :rv fiux of PCB to overlying water woukt be Mronuly ccnu£
by the k ::-.«. ;ic> o

>
\

CONCLUSIONS

PCB> Can Se released from sediments to o\er)yinc water. Relcom rat<M
\arv anwo-s PCB* an4 are a- function ot boih-_conceniratk>ir ift tb^
^cJimcr.: unU ihei compound's molecular chuntcteristk-i A dependence
IT. chl.T.r.e suhviiiution pattern was evident. TliPU|5«gffn» dHTmiviuc>

oiffuMvaJe* of common inorganic pore * a
resuiu n» tilt abwnc< of disturbance, even \
will q^..Ckl> rcmovr PCB- cor.uminatcd- s

wit it o**r lying
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CMC RECEIVED AUG 3 0 EC;

OUTBOARD MARINE CORPORATION
100 Sea-Horse Dnve
Waukegan. Illinois 60085-21=1
Phone 312/689-6200
Telex 025-3891

August 29, 1985

Jeff Fort
Martin, Craig, Chester & Sonnenschein
115 South LaSalle Street
Suite 2400
Chicago, Illinois 60603

Re: MCCS Letter of August 15, 1985
Fisher. Petty & Lick Calculations

Jeff: ;*;

In regard to your question concerning the migration rate for
PCBs as presented in the Petty, et al., paper, the calculation
is as follows:

where t
D*

distance travel per time unit
diffusity (1.2 to 850 x 10"9 cm2)

day

In other words, the diffusion distance traveled is proportional

source dlmlniBh^fl^RaHCBMgrTft*fr;gX<miP>Ce, using the dTFfusivTtfy
D* for 2 , 2 ' , 4 , 5 , 5 ' -perr£acnoTorphenol the movement for one day
would be :

d.-l day » (85 x 10~8cmf x 1 day)1*

d.-l day * 9.2 x 10 cm

If the distance moved is converted to an average rate with (cm/sec)
units, the result would be:

9.2 x 10-4 cm x 1 day
day 8.64 x 10 sec

The distance moved after 1 year would be:

dt-l yr

dt-l yr

1.06 x 10~8 cm
sec

= (85 x 10"8 cm2 x 365 day)*1 = (3. x

1.76 x 10 cm



Jeff Fort
Fisher, Petty & Lick Calculations
August 29, 1985
Page Two

The resulting average rate of movement_ift. cm/sec
would be : "

-21.76 x 10 cm 4
365 days x 8.64 x 10 sec/day

--•JT rfr <~m

Please note that the movement is for diffusion only. Disturbances
or elutiation by a solvent (water) is different. Licks conclusions
however, indicated that the sedimentation^ rate far exceeded the

for PCBs. wlth-lt&e. retftfit^thatr PCBs
and' removed from contact, unless disturbed by some-^ C_.. - -. - ^ .. —— _

If you want to discuss further, please call me.

Sincerely,&zL(f. R. Crawford
Corporate Director
Environmental Control

JRC/vm
CC: D. McArdle

R. Oliver (Phelan, Pope & John)



r/EPA

7 - * <"

Unutd StatM
Environmental Protaction
Agtncy

345 Courtiano Street. NE
Atlanta. GA 30365

6PA 904/9-46 141
August !986

Public Health and Draft
Environmental Exposure
Assessment
Unison PCB Separation Facility
.Henderson County, Kentucky



DRAFT
PUBLIC HEALTH AND E N V I R O N M E N T A L EXPOSURE ASSESSMENT

To.
UNISON PCB SEPARATION FACILITY

HENDERSON COUNTY, KENTUCKY

Prepared by
U.S. Environmental Protection Agency

Region IV
Atlanta, Georgia 30365

This Draft Public Health and Environmental Exposure Assessment
addresses a proposed Toxic Substances Control Act operating
permit for an alternate method of PCB disposal. This permit is
to be used by a facility owned by UNISON, Inc. and located in
Henderson County, Kentucky. Estimates of the potential exposure
to UNISON'S activities both in Henderson and around the county
are provided. Estimates of how great these exposures are likely
to be and their duration are also presented. A characterization
of the risk associated with these exposure estimates is then
described.

Comments and inquiries should be forwarded to:

Robert C. Cooper
Project Officer, NEPA Compliance Section

Courcland Street, N.E.
Atlanta. Georgia 30365

MQU/3U7-3776

Approved by:

AUG

Jack E. Ravan Date
Regional Administrator



EXECUTIVE SUMMARY

PURPOSE OF THE DOCUMENT

The Toxic Substances Control Act (TSCA) is the legislation under which EPA

has the authority to issue an operating permit for this project. Regulations

promulgated under TSCA require EPA to determine whether the proposed project

will present an unreasonable risk of Injury to health or the environment. The

purpose of this study is to provide a detailed evaluation of the potential

risks associated with the proposed UNISON project. The study documents the

permit application review and provides the information upon which will be based

the determination of whether the proposed project would present unreasonable

risks of Injury to public health or the environment. The study is also intended

to provide an explanation to the public of the permit evaluation process. The

document has been Issued in draft form to allow public comment before a final

decision on permit issuance is made.

DESCRIPTION OF THE PROPOSED PROJECT

The overall process begins with the transport of equipment and a solvent

(known as TF-1) from regional warehouses to transformer sites. At the trans-

former sites, concentrated PCBs are drained from the transformer and drummed

for shipment to an EPA approved PCB Incinerator. The transformers are then

filled with clean TF-1 which acts to leach out PCBs remaining in the transformer

cases.

Several month later, UNISON personnel return to the transformer site with

additional clean TF-1 and more empty drums. Since the first visit, PCBs which

could not be drained from the transformers in the initial visit have gradually

dissolved in the TF-1. TF-1 which h?s been exposed to PCBs in this way is

call TF-X. At this second visit, UNISON again drains the transformers and

I



refills them with clean TF-1. The TF-X removed from the transformers is drummed

for eventual shipment to Henaerscr. Courty, Kentucky, for processing.

The araining and refilling operation is repeated every few months until

the PCS concentration has been substantially reduced. The last fill of TF-1 is

th«n drained and this TF-X is drummed for shipment to Kenderson. The transformer

Is refilled with a permanent dielectric fluid and recommissloned as a non-PCB

transformer.

The UNISON facility in Henderson County, Kentucky, is located in the

Henderson County Riverport Authority and Industrial Park at the intersection of

Old Geneva Road and Riverport Access Road. It is about 1500 feet south of the

Ohio River at River-Mile 808.

Transportation to and from the facility is along Riverport Access Road to

Highway 136. Highway 136 connects with Highway 425, the Henderson By-Pass,

which terminates at the Pennyrile Parkway. The connection with southern cities

is made over the Pennyrile Parkway. The coneotlon with northern cities is over

Route 41 to Interstate 6". After completion of Interstate 164, traffic through

Evansville will be along it rather than Route 41.

The process to be used at the Henderson facility is physical separation.

Physical separations are based on physical chemical properties of substances and

not on chemical reactions. The specific nature of the process is protected

from disclosure by Federal law.

While the process itself cannot legally be described in this report, the

equipment which carries out the process ran be described in part. It consists

essentially of sealed tanks and pipes. It has been designed according to the

engineering standards recommended by the Center for Disease Control, and the

:i



National Institute for Occupational Safety ana Health (NIOSH) for :he processing

of PCBs.

All parts of the plant processing equipment are sealed against the escape

of vapors except those few parts where it is unavoidable, such as the brief

opening of drums for insertion of the drainage equipment. Vapors drawn off

from various parts of the process pass through one of eight vent lines tc the

roof where they are released to the atmosphere. Before being released to the

outside air, vapors must pass through beds of activated carbon at the end of

each line, these remove almost all organic vapors. Vapor analyzers guard the

vent lines just past the carbon beds to alarm any pass through beyond the trace

amounts allowed in the air permit.

ALTERNATIVES

EPA has authority to analyze UNISON'S process at their selected site and

decide whether it would impose an unreasonable risk to public health or the

environment. EPA does not have authority to select a site and make UNISON

operate there.

UNISON claims to have selected Henderson in a three step process. Many

potential sites were initially considered in the first screening*. Sites outside

of Kentucky, Indiana, and Tennessee were eliminated because they did not minimize

the total mileage, i.e., the economic costs. In the second screening phase.

Kentucky was selected because it offered the best flexibility in using the only

three permitted incinerators. In the final screening phase, Henderson was

selected as offering the best facilities.

UNISON also described several site characteristics which they say played a

major part in their selection process. These included a site ten to fifteen



acres in size, a flat site which was out of any floodplain, gcoa highway access

near the interstate system, and a site far enough away from the nearest community

30 that it would not result in unreasonable risks and yet close enough to a

iood sized labor pool which could supply about thirty employees, some of whom

had to be skilled or technically trained.

There are four methods currently allowed by law for the disposal of PCBs:

o High temperature incineration;
o High efficiency boilers (for oils contamlned with low concentrations

of PCBs)
o Landfills (for low concentration solids and drained transformer

carcasses); and
o Alternate methods permitted under 40 CFR 76l.60(e).

Alternative methods of PCE destruction include methods which actually

destroy PCS molecules and those which only separate the PCBs from whatever

material they are contaminating. The proposed UNISON facility plans to use a

physical separation process. Physical separation processes include:

o Centrifugation;
o Filtration;
o Reverse osmosis;
o Distillation;
o Electrophoresis; and
o Solvent extraction.

EPA has three options under TSCA in responding to a permit application.

The request can be approved, it can be approved with certain specified conditions,

or approval may not be given.

PUBLIC HEALTH AND ENVIRONMENTAL EXPOSURE ASSESSMENT AND RISK EVALUATION

The discussion is divided into two broad areas. These are ordinary operations

and accidents. The accident discussion is further divided into on-slte events

and accidents during materials transportation. The Summary Table in Appendix 11

summarizes the accident evaluation.
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Total air 9iius.ii.ons will be le?s than ^00 pounds per year. These emiooions

will be almost entirely TF-1 vapors (99.99+t), and they are expected to contain

less than T.C'v:'J PCBs (less than one part per million).

The highest average annual concentrations found were at the Siverport

Warehouse ana docks where there are typically twelve employees. The concentration

of organic vapor was predicted to average 82.7 nanograms per cubic meter (parts

per trillion) at this location. This is less than one twelfth the concentration

of PCBs at which EPA and NIOSH have found workers could be exposed uo hours

per week without risk of inju. y. The projected exposures of TF-1 are also

expected to cause no unreasonble risk.

No surface or groundwater releases are expected to occur during normal

operations.

The accident analysis is divided into two parts. First, potential on-site

accidents were evaluated. This evaluation included the following:

1. Fire and Explosion Related Releases - PCBs, TF-1 and TF-2 are inherently
incapable of behaving like fuels. Technically they can be burned in high-
temperature, high-oxygen environments of special incinerators, but they
have no potential for burning outside of such environments. A number of
scenarios were analyzed where runaway heating could occur, but they all
involved a number of peculiar and unlikely events happening simultaneously.
The chance of this happening was determined to be so remote that it did
not warrant further analysis.'

2. Potential Releases Due to Pollution Control Equipment Failure - In the
unlikely event that UNISON'S pollution control equipment fails, and
that several employees are severely negligent within the same time
frame, it was estimated that large releases of TF-1 containing 0.0021
PCS's could continue for a duration of one week. Based on the assumption
that such an event could occur once a year for 20 years, and that the
same people would be downwind of the facility for the duration of all
twenty such incidents, EPA evaluated the exposures to people downwind
of the facility. The expected lifetime exposures and risks would be
several orders of magnitude lower than those which the Agency has
previously found do not pose an unreasonable risk.

3. Airplane crash involving the facility - The UNISON plant is located
approximately one mile east of the Henderson/Henderson County Airport.



The probability of an airplane accident at the facility of 3ufficient
magnitude to cause damage greater than minor leaks and spills is very
snail. Even though there is a low probability of occurence, the
Agency did look at the exposures and risks which could result from
such a crash. Worst-case PCS exposure estimates at all phases of the
plane crash would result in no significant lifetime cancer risk.

EPA also evaluated the comparative exposures to incomplete combustion
products from a fuel fire cased by a plane crash. The lifetime doses
resulting from exposure to incomplete combustion products from such a
fuel fire would-be several orders of magnitude lower than those estimated
for both short-term and long-term on-site exposures to incomplete com-
bustion products in the soot resulting from a PCB transformer fire.

4. Earthquake - Various methods of estimating the chances of • ...«*jor
earthquake in the Henderson area could be utilized. One study indicated
a 10S chance of a major earthquake in this area in the next 50 years.
EPA concluded that the chances were sufficient enough to warrant an
analysis of what the impact of a major earthquake would be. The three
major potential consequences of an earthquake were evaluated: shaking,
liquefaction and subsidence. Of all three earthquake effects, liquefaction
appears to have the greatest potential for affecting the UNISON site.
However, the character of underlying soils at the facility suggest that
liquefaction effects, if they occur at all, would be very minimal. It
has been concluded that some contamination of soils in the immediate
area could potentially occur but significant contamination of the Ohio
River from PCB's or TF-1 would not occur from a reasonably forseeable
worst case earthquake.

Other types of potential on-site accidents including flooding and tornadoes

were found to be much less likely to occur. The site is located above the 500

year flood level. A flood of this magnitude would put much of Evansville

under water before the UNISON facility was endangered. An evaluation of the

potential effects of tornadoes indicated that there is no unreasonable risk

related to potential releases.

Transportation related releases are a possibility each time a truck load of

materials travels on our nations highways. The potential for releases is

estimated from both local and national perspectives. The national analysis

estimated the total number of additional miles which will be generated by this
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facility. Average rates of accidents and releases were then used to estimate

one releasing incident involving tankers carrying PCB residue or TF-2 every ' "

years. There is a 50% chance that this release would involve PCBs. ERA took

this analysis one step further to analyze what the result would be if these

releases involved "worst case" accidents in the project area. Accidents occuring

in two sensitive locations, the Ohio River Bridge and in » high density residential

area, were evaluated.

The site for the bridge accident is the Route 11 bridge which crosses the

Ohio River between Henderson Kentucky, and Evansville, Indiana. It.was assumed

that an entire 23 ton load of PCB residues would be released to the River. Due

to the wide range of release and river flow characteristics, a variety of

related possible bridge accidents were evaluated rather than one "worst case"

incident. Because of this range of possibilities, it is difficult to accurately

estimate the potential exposures and risks associated with transportation

related spills into water supplies. Given the tendency of PCBs to bind to

sediment it is expected that should a large spill occur only a small percentage

of PCS's spilled will actually be carried In the water. Further, any dissolved

PCB's would tend to be dispersed by the flow of the river, so that individual

ingestion exposure to PCB's (either through contaminated fish or through drinking

water) would be mitigated. The scenario of most concern would be a release to

the River above the Evansville water supply Intake during high flow conditions.

Evansville does, however, have suitable technology available for effective

treatment. As long as emergency notification procedures are properly implemented,

no PCBs should pass into the finished drinking water supply.
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also evaluated several scenarios involving a spill along Highway U1 in

Evansvilie. The worst of these cases assumed the largest possible amount of

residues spilled on hot pavement in a residential area. Exposure to initial

concentrations of PCBs and any vapors would be limited to a maximum one hour

response time (time to cover ".he spill area in order to mitigate inhalation

exposure). In such a case, emergency response personnel would be subject to the

greatest potential exposure. Assuming that emergency response personnel do not

wear respirators, the resulting exposure, would be less, by one or two orders

of magnitude, than those found not to pose an unreasonable risk to workers In

manufacturing facilities which inadvertently generate PCBs.

Available studies indicate that the levels of organic vapors within one

hundred meters of a large spill from a PCB residue or TF-2 tanker truck could

result in eye and respiratory irritation. Direct contact with the spill

material could result in skin irritation (dermatitis). Such effects from a

a predicted worst case spill are believed to be reversible with no long term

adverse health consequences.

PROPOSED EPA ACTION

Based upon a review of UNISON'S permit application and the material presented

in this document EPA has made a preliminary determination that operation of the

proposed facility at the UNISON site in Henderson will not pose an unreasonable

risk of injury to human health or the environment. This determination is

conditional upon the Draft Conditions of Authorization which are listed in

Chapter 9.
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EPA has also authorized the initiation of the test demonstration in late

August. This test will determine whether the process operations achieve adequate

separation of ?CB residues and meet restrictions on emission levels. EPA's

final decision an authorization of plant operation will be based on the results

of the test demonstration as well as the comments received on this Draft Public

Health and Environmental Exposure Assessment.
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1.0 INTRODUCTION

This report summarizes the results of a Public Health and Environmental

Exposure Assessment conducted by EPA Region IV on the proposed UNISON* PCS

separation facility to be operated in Henderson County, Kentucky. The report
is intended primarily as a public information document which describes those
aspects of EPA's study which can be revealed without compromising UNISON trade
secrets. The report summarizes information and analyses required by EPA to
evaluate a request by UNISON to operate an alternate method of PCB disposal
under the Toxic Substances Control Act (TSCA).

n 2.0 of the renort provides a description of the background of the
study, including the project history, study objectives, applicable regulatory
framework, and background information on the chemistry of PCB's. Section 3.0
provides a description of the proposed project, including both on-site and
off-site activities and processes. Section 4.0 summarizes the various site
and process alternatives available to the TSCA permit applicant (UNISON) as
veil as options available to EPA regarding permitting of the facility.
Section 5.0 is an assessment of the potential exposures of the public and the
environment which could result from operation of the facility, in<?'"ding those
resulting from both on-site and off-site activities and processes. Section
6.0 describes the socioeconomlc effects of construction and operation of the
facility. Section 7.0 summarizes the applicant's efforts to mitigate health
and environmental effects and discusses additional mitigation available to
minimize risks associated with facility operation. Section 8.0 summarizes
public participation related to the project, and section 9.0 presents EPA's
proposed decision on the application.

*"Unison Transformer Services, Inc., a wholly owned subsidiary of Union Carbide
Corporation" is abbreviated throughout this document simply as "UNISON".
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2.0 BACKGROUND

This section describes the history of EPA's involvement in the UNISON
project and the purpose of this document. An overview of Toxic Substances
Control Act (TSCA) and the Resource Conservation and Recovery Act (RCRA)
regulations as they relate to the proposed facility is also given. Finally,
some background on PCB chemistry is provided.

2.1 HISTORY OF THE PROJECT

Early In 1984, UNISON entered into discussions with EPA's Office of
Pesticides and Toxic Substances (OPTS) regarding the possibilities of decon-
taminating PCB transformers using an alternative disposal method. OPTS has
jurisdiction over alternative methods which are mobile or may be operated in
more than one region. Regional EPA offices have jurisdiction over alternative
methods to be operated solely within each region (See 40 CFR 761.60(e) in
Appendix 1). In September 1984, UNISON submitted an application for its
process to be operated at a site in Chicago. Before action could be taken,
the site was purchased by a competitor.

In September 1985, UNISON updated its application to specify Henderson
County, Kentucky as its preferred operating site and jurisdiction over its
application was transferred to EPA's Region IV offices in Atlanta. Region IV
is processing the application with technical and policy assistance from OPTS.

At about that time, EPA began receiving letters from concerned citizens
in the area requesting a detailed study of the project and a public meeting.
EPA then determined that there were several issues which should be investigated
in detail and presented to the public before action was taken on the permit
application. This document presents the results of that investigation.

Before the Scope of Work for this document was finalized, a public meeting
was held in the project area to gather additional input from the public. This
meeting was held in Henderson, Kentucky, on December 2, 1985. ~ight hours of

testimony from concerned citizens were gathered at the meetin6. A summary of

major issues raised at the meeting is presented in Section 8.0.



Early in 1986, UNISON submitted its completed permit application for the
proposed facility to Region IV. The Scope of Work for the Public Health and
Environmental Exposure Assessment was then finalized and work on review of the
application was initiated.

2.2 PURPOSE OF THIS DOCUMENT

The Toxic Substances Control Act gives EPA authority to issue an operating
permit for this project. TSCA and regulations promulgated under TSCA require
EPA to determine whether the project will present an unreasonable risk of
injury to health or the environment. The purpose of this study is to provide
• detailed evaluation of potential risks associated with UNISON's proposed
project. The study documents the permit application review and provides
information concerning EPA's determination regarding potential unreasonable
risk* of injury to public health or the environment. This study is also
intended to provide an explanation of the permit evaluation process. EPA has
prepared this public Information document as part of its on-going effort to be
responsive to public concerns. EPA believes that a valuable public purpose is
served by the open discussion of the issues involved. The document has therefore
been issued in draft fora to allow public comment before a final decision on
permit issuance is made. EPA's proposed decision is described in Section 9.0.

2.3 REGULATION UNDER THE TOXIC SUBSTANCES CONTROL ACT

EPA is given authority to regulate PCBs in the Toxic Substances Control
Act (TSCA) of 1976. Section 6(e) of TSCA (see Appendix 1) generally prohibits
manufacture and use of PCBs as of January 1, 1978. However, exceptions were
made for uses which are "totally enclosed" or which EPA determines "will not
present an unreasonable risk of injury to health or the environment." Regula-
tions promulgated under TSCA Section 6(e) are codified in 40 CFR 761 (See
Appendix 1). Among other things, these regulations require disposal of PCBs
in special facilities and allow and encourage the decontamination of existing
transformers.
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When these regulations were promulgated, PCBs like the ones UNISON
proposes to treat were only allowed to be destroyed in high temperature

incinerators. At that time, incineration was the only proven method. New
methods which might be developed were intended to be covered by Section
761.60(e). This section allows EPA to approve "an alternative method of
destroying PCBs" if "this alternative method can achieve a level of performance
equivalent to ...incinerators". EPA policy is to treat physical separation of
PCBs as a new method under the sane framework as chemical or thermal destruc-
tion of PCBs. UNISON, therefore, has submitted an application for a permit
under the alternative disposal method rules. A copy of UNISON*s application,
free of confidential business information, is available in Henderson and
Evansville libraries. The alternative disposal rules and EPA policy state-
ments covering these rules are provided in Appendix 1.

Under TSCA regulations. Industrial processes are regulated rather than
construction of a facility. A "process" would include off-site activities
(e.g., transportation and materials handling) and on-site facility-specific
details such as valve specifications, instrument brands, emergency procedures
and content of training programs. EPA's authority is limited to determining
whether the process at a proposed site might present an unreasonable risk to
human health or the environment. EPA can Impose conditions on the process to
eliminate or minimize risks which might be considered unreasonable, or EPA can
refuse to approve the process altogether if unreasonable risks cannot be
avoided.

Any company wishing to receive an approval for the operation of an alter-
native PCB disposal method must first submit an application to EPA. Since
UNISON's proposed separation facility is to be operated in Region IV, the
request for approval will be acted upon by the Region. (Regarding jurldiction
over applications, see 40 CFR 76l.60(e) in Appendix 1). Applications for
approval to operate alternative methods require the following (EPA April
1985):

I. A description of the project organization including persons re-
sponsible for obtaining permits, the project manager, facility
raanager, and safety officer.
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2. A description of waste Intended to be treated In the unit, including
the type of waste to be destroyed (liquid or solid), the proposed
tjtal waste and PC3 feed rates, and the matrix* and compos! ti-.̂  of
the waste, including major and minor constituents and PC3 content.

3. A. process engineering /(ascription including process flow diagram,
narrative description of the system, description of the theoretical
basis for the destruction process, layout diagrams, descriptions of
the plant or mobile unit, detailed engineering drawings, intended
location of the facility and intended location when in storage.

4. A narrative description of the waste feed system, description of
waste preparation, and estimate of waste volume.

5. A description of the automatic waste feed cutoff system when process
conditions exceed normal bounds, ind a description of the procedures
to shut off the waste feed line or the whole process in the event of
an equipment malfunction.

6. A narrative description of the destruction** system (e.g., descriptioi
of chemical reactions, stoichiometry, reagents, catalysts, process
design capacity), and a list of products and by-products and their
concentrations.

7. A description of the pollution control system for process effluents
(air emissions, liquid effluents, sludge, solid waste, etc.), design
parameters, and Important operating parameters of the pollution
control system and how they will be monitored.

8. A summary of process operating parameters which lists target values
as well as upper and lower boundaries for all measured operating
parameters, instrument settings and control equipment parameters.

9. A sampling and monitoring program to monitor process operation and
to verify PCB destruction.

10. Sampling procedures including an explanation of the apparatus,
calibration procedures, and maintenance procedures.

11. Analytical procedures (e.g., methods, instruments, etc.).

12. Monitoring procedures (methods, instruments, etc.).

*The matrix is the set of chemical compounds in which the PCBs are dissolved
or on which the PCBs are adsorbed. In this project, the matrix is TF-1, a
proprietary solvent used to extract PCBs from transformers.

**"Destruction" refers to the elimination of PCBs from the matrix and hence
includes separation as is the case here.



13. A spill prevention control and countermeasure plan.

14. A safety plan.

15. A training plan.

16. A demonstration test plan.

17. Test data or engineering performance calculations.

18. Copies of other required permits/approvals.

19. Schedule for operation.

20. A quality assurance plan.

21. A copy of the plant or facility operational plan.

22. A closure plan for the facility.

Once a complete application has been submitted, EPA performs its review.
The review involves both a review of the application and a demonstration test.
If the technical information In an application indicates that the process
cannot achieve safe and effective PCB disposal, approval will not be given.
If the demonstration test does not show the process to ba effective and safe,
approval for the process will also be denied (see 51 FR 6423 et. seq. in
Appendix 1).

2.4 REGULATION UNDER THE RESOURCE COHSERVATION RECOVER! ACT

The Resource Conservation Recovery Act (RCRA) was passed by Congress in
1976. RCRA was intended to be a comprehensive program for the cradle-to-grave
management of hazardous wastes. RCRA Section 1004(5} specifically defines
hazardous waste as waste,

"which because cf its quantity, concentration, or physical, chemical or
infectious charac.leristics may -
(A) cause, or significantly contribute to an increase in mortality or an
increase in serious irreversible, or incapacitating reversible, illness;
or
(B) pose a substantial present or potential hazard to human health or the
environment when Improperly treated, stored, transported, or disposed of,
or otherwise managed."



This definition of -.azardous -as:? is bread, however, in SuSf.tie ^, Section
3001 (j), Congress required -?A to formulate a narrow and speci/ic definition

of :ha t^ra "hazardous ^.isc-e". C^rvjress promulgated chi.< Limitation on IPA's

authority because :he 'J.S. Joistitutioa requires :~.st cri-v-.nai '.':f3".dants iie

giv*n very clear and unambiguous notice of exactly which activities will he
considered criminal. Tne intent was to make RCRA cri-rinal .y <*:./jr:»ih IP .

In response to this Congressional directive, EPA formulated a compre-
hensive definition of hazardous waste (see 40 CFR 261) which would be enforce-
able against those who mismanaged hazardous wastes. It includes any waste
which is ignitable, corrosive, reactive or liable to leach out of a landfill,
and, in order to avoid any misunderstandings, lists a large number of compounds
and many industrial process effluents by name. It does not, however, list

PCBs or the types of materials UNISON proposes to treat. PCBs are not as
hazardous as many of the materials used in modern society. They are -»ot
ignitable, corrosive, reactive or liable to leach out of a landfill. Since,
according to these criteria, PCBs were not as dangerous as other chemicals
regulated under the Act and PCBs were already regulated under TSCA, PCBs were
not named in the lists of hazardous chemicals.

However, PCBs may soon be regulated under RCRA. Evidence collected by
EPA since the ban on PCB manufacture indicates that the level of PCBs in the
environment is not dropping as fast as expected. PCBs are much more persistent

in the environment than was previously believed and an unknown quantity con-
tinues to be disposed of improperly. RCRA rules are currently undergoing
consolidation and simplification. As part of this process, EPA plans to
include PCB products such as those to be treated by UNISON, in the definition
of hazardous wastes. Until then, such wastes remain governed primarily by

TSCA.

2.5 CHEMISTRY OF POLYCHLORIMATED BIPHENYLS (PCBs)

PoLychlorinated biphenyls (PC3s) and related compounds are classified as

ar:natic hydrocarbons. Aror.atic hydrocarbons are organic chemicals which are

-nodifications of and/or combinations of benzene, the simplest aromatic compound,
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Benzene Is a siniple ring of six carbon atoms. Most of the bonding energy
of the carbon atoms is devoted to holding the ring together, but each carbon
atom has one bond Left over which points out and away from the ring. This
bond attaches to a hydrogen atom (hence, „;._ term hydrocarbon).

If one of the hydrogen atoms is removed and some other element or chemical
group is put in its place, the benzene is converted into another chemical with
different but related properties. Many important chemicals are made with
similar modifications. They include perfumes, dyes, Inks, glues, and various
poisons. Aromatic chemistry is the study of different modifications of benzene.

PCBs are made by first joining two benzene molecules together to form a
biphenyl molecule. This biphenyl molecule is made by removing one hydrogen
atom from each of two benzenes so that the two rings combine. The resulting
biphenyl molecule can be visualized as two hexagons stuck together with a
short line. If additional hydrogen atoms are removed from the biphenyl molecule,
other elements and molecules can be substituted to make a wide variety of
biphenyls. If hydrogens are replaced with chlorine atoms, the resulting
molecules are called polychlorinated biphenyls (PCBs).

Since there are ten hydrogen atoms on a biphenyl molecule and any one or
combination of them could be replaced with chlorine, there are two choices for
each of ten positions or 2 (1024) possible combinations. However, many of
these combinations do not have a distinct chemistry because they are exact
mirror Images of other combinations. There are 209 distinctly different PCBs.

PCBs can be destroyed by heating them to high temperatures. As the
temperature rises, the PCB molecules collide with each other more and more
violently. Above a few hundred degrees Celsius, the molecules start breaking
apart. The pieces recombine in a complicated series of chemical reactions
that result in a great variety of new compounds. Some of these new molecules
can be much raoia dangerous than PCBs, especially if they are formed, as is
typically the case, in the presence of oxygen.
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If the temperature gets high enough, the PCBs break up into individual
atoms. The hydrogen atoms combine with chlorine to form hydrochloric acid or
with oxygen to form water. The carbon atoms combine, if oxygen is present,
with one or two oxygen atoms to form either carbon monoxide or carbon dioxide.
If combustion is complete, almost all the carbon ends up as carbon dioxide.
However, if the temperature does not get high enough and stay high enough Long
enough or if not enough oxygen is present, some of the carbon comes out as
carbon monoxide. Under such conditions, there Is a chance that some PCBs will
not be destroyed or that they will have been converted into their more dangerous
reaction products. See especially the discussion of fire in Sections 4.2.4,
5.2.1.3 and 5.2.2.5. The efficiency of the destruction of PCBs by incineration
can be determined by monitoring the concentration of carbon monoxide in the
emissions. If no carbon monoxide is detected in emissions, destruction of the
PCB's to hydrochloric acid, water and carbon dioxide is essentially complete.

PCBs can be separated from other materials without destroying them.
There are many ways to do this. Each method takes advantage of some property
of PCBs that differs from the properties of other kinds of molecules the PCBs
may be mixed with. For example, separations based on size differences are
called filtration*, or, if an extraordinarily fine filter is used, reverse
osmosis. Separations based on solubility are called solvent extractions.
Those based on boiling point are distillations.

The proposed separation technology, in order to satisfy TSCA regulations,
must achieve a level of performance equivalent to PCB incineration. EPA is
only able to regulate "completeness" to the limits of accuracy of reasonable
scientific tests. After treatment, the TF-1 must be completely free of PCB's
as measured by whichever test EPA finds is most suitable.
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3.0 DESCRIPTION OF PROPOSED PROJECT

This section describes the proposed project, including all stages from
initial transformer draining to final incineration of the PCB residues. The
location of various activities, including transportation between sites, material
handling and site Layout, and the proposed physical separation process are
described. Information for this section has been taken primarily from UNlSON's
permit application.

3.1 OVERALL PROCESS

The overall process begins with mobilization of equipment and clean TF-1
at the regional warehouses which UNISON proposes to operate. UNISON technicians
take the equipment and TF-1 to a nearby transformer site. At the site, con-
centrated PCBs are drained from the transformers and drummed for shipment to
an EPA approved PCB incinerator. The transformers are then filled with clean
TF-1. Equipment, unused TF-1 and drummed PCBs are then transported to the
regional warehouse.

Several months later, UNISON personnel return to the transformer site
with additional clean TF-1 and more empty drums. PCBs which could not be
drained from the transformers in the initial visit have gradually dissolved in
the TF-l. TF-1 which has been exposed to PCBs in this way is called TF-X.
UNISON drains the transformers during this second visit and refills them with
clean TF-1. The TF-X removed from the transformers is drummed for shipment to
the regional warehouse. Shipments from the warehouse to the Headerson facility
are made when a truck-load (slcty drums) has accumulated.

The draining and refilling operation is repeated every few months until
the PCB concentration is low. After the last fill of TF-1 is drained (this
TF-X is drummed for Later shipment to Henderson) the transformer is refilled
with a permanent dielectric fluid. UNISON must still return to the site to
confirm decontamination. The permanent dielectric fluid must show a concen-
tration of less than 50 parts per million PCBs after at least three months of
use to be recoraraissioned as a non-PCB transformer (40 CFR 761.30 (a)(2)(v)).
If the concentration after three months is more than 50 ppra but less tiian 500
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ppra, the transformer qualifies for the intermediate status of "PCB-contaminated."
Achieving this status has many benefits (see 50 FR 29179 et.seq.) but the
transformer remains subject to a number of regulations.

At the regional warehouses, the initial drainage of concentrated PCBs is
accumulated until a truck-load can be sent to one of several special PCB
incinerators. Approved incinerators are located in Chicago, IL, near Houston,
TX, and in El Dorado, AK . TF-X is accumulated until a truck-load can be sent
to Henderson. The warehouse also receives supplies of new IF-I (from the
manufacturer) or reconditioned TF-1 (from Henderson).

At Henderson, contaminated TF-X is received from the various regional
warehouses. It is off-loaded with special drum handling equipment. The drums
are drained in a part of the facility where vapors in the dead space at the
top of the drum can be contained. Each drum is triple-rinsed with clean TF-1
and then refilled with additional clean TF-1 for shipment back to the regional
warehouses (see 40 CFR 761.79 in Appendix 1). All materials removed from the
drums, including the three rinses, are processed through the facility for
separation into clean TF-1 and concentrated PCB residues. These residues
are stored on-slte until a tanker-load can be sent to one of the special
incinerators.

There are a limited number of PCB-transformers (at least 100,000 perhaps
150,000) still in existence. When these have been cleaned, any remaining
inventories of TF-1 and the facility Itself will lose their reason for existence.
Leftover TF-1 will then be disposed of or sold for reuse elsewhere, which most
likely will be for continued decontamination of transformers overseas. The
ultimate fate of TF-1 is discussed in Section 7.1.3.

*A fourth Incinerator (the GE in-house incinerator) located in Pittsfieid, MA
has been approved since 1981, but, until very recently, had only processed
PCBs for a single customer, General Electric. EPA has recently learned (as
this document went to press) that this facility is now soliciting PCBs from
other sources in small quantities. As GE runs out of PCBs, the PlttsfieLd
incinerator will likely solicit outside work in greater quanitity. However,
since GE is in the business of supplying new replacement transformers, it
seems unlikely that they will ever do substantial business with UNISON. GE
is an indirect competitor with UNISON.

**The separation is not perfect. Some TF-1 components are lost to the residues
during processing. They are replenished at the end of the process with Tr-2.
TF-2 consists of the TF-1 components lost to the residues.



3.2 OFF-SITE ACTIVITIES

Off-site activities begin with the arrival of UNISON's service vehicle
carrying drainage pumps and hoses, er'-^ancy decontamination and safety equip-
ment, clean TF-1 in drums and clean empty drums for contaminated materials.
The field team first drains each transformer. Experience with similar opera-
tions has shown that 852 to 90% of the concentrated PCBs will drain freely
from the transformers. The remainder is absorbed in the transformer core or
is trapped in undrainable pockets and slowly diffuses into the TF-1 once the
transformer has been refilled.

If "" of the concentrated PCBs remain in the transformer and all of them
diffuse into the first refill of TF-1, the PCS concentration in the first
batch of TF-X.drained and delivered to Henderson could theoretically be as
high as 1SZ. However, PCBs which drain poorly also diffuse poorly, and even
in the most concentrated straight transformer fluid, PCBs only account for
about two-thirds of the weight. Many contain much lower PCB concentrations.
Because of these limitations, PCBs in the first drainage of TF-X are not
expected to exceed 8Z. In fact, they should average something less than half
this amount, and the long term average of all TF-X drained from the transformers
should be less than 2Z PCBs. This is the figure EPA used in determining
normal operating characteristics at the proposed facility. Higher figures,
based on nmHmm* possible concentrations, were used for some of the analyses
in order to be conservative.

After draining and refilling have been completed, any drips or spills
will be cleaned using EPA-mandated procedures. The cleaners and adsorbants so
used will be separately drummed for incineration.

3.3 TRANSFORMER, REGIONAL WAREHOUSE AND INCINERATOR LOCATIONS

Transformers filled with concentrated PCBs are located all over the
country. PCB transformers were considered superior to ordinary mineral-oil-
filled transformers because they would not support a fire if the transformer
shorted out. However, they were too expensive to use everywhere. Consequently,

PCB transformers were installed primarily in occupied structures, including
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multi-unit dwellings, office buildings and certain industries. Fire codes
often dictated use of PCB transformers. We now know that the disadvantages of
PCBs, primarily toxicity and persistence In the environment, far out-weigh the
advantage of non-combustibility (50 FR 29179 et.seq.). Unfortunately, many
transformers are now located in close proximity to_population centers.

The general location of most of these transformers is known to EPA (EPA
1976*). The distribution is roughly proportional to the size of populations
in major metropolitan areas (USWAG 1982 Vol.' I, Vol. Ill)

UNISON does not propose to decontaminate every PCB transformer. Competitor?
in the business are supplying similar services. Also, the high cost of trans-
portation and reprocessing will probably make servicing the Western United
States uneconomical from Henderson. Thus, some fraction of the transformers
located in the Central and Eastern regions of the country constitute UNISON's
potential market.

UNISON is under no obligation to decontaminate any transformers and may
or may not conduct operations in any of the metropolitan areas shown in Figure
However, UNISON is already advertising its remote-site (transformer decontami-
nation) activities in a variety of media with wide circulation. While UNISON1:
exact marketing and operations strategy is confidential, one can model their
activities by assuming regional warehouses will be operated in major metropoli
areas east of Dallas and Kansas City and that the volume of business in each
area will be proportional to the populations of those areas.

Figure 1 is a map of the United States showing metropolitan areas with a
population of more then one million people. Western population centers are
not shown. The areas of the circles are proportional to the number of people
reported in the 1980 census.
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Table 1 lists the areas shown on the Tap, reported populations, percentage
of business expected for each area, and mileage to or from Henderson . The
expected amount of travel between Henderson and the. warehouses assuming the
plant is operated at capacity is also indicated.

There are only three incinerators suitable for destroying the concen-
trated residues to be separated at Henderson. Their locations are shown in
Figure 2. One reason Renderson was chosen as the sitt for this facility is
that its central location allows some flexibility in using the available
incinerators. It is expected that UNISON will primarily use whichever
incinerator is most reliable and economical. Generally, this means the bulk
of all residues will be shipped to Chicago. The transportation risk analysis
(see Section 5.2.2) assumes that 80Z of the residues will be shipped to Chicago,
151 to Houston (Deer Park) and 51 to El Dorado, Arkansas. This mix is antici-
pated based on projected down time and total cost.

3.4 TRANSPORTATION TO AND FROM HENPERSON

TF-X and TF-2 will be shipped to Henderson. The TF-X drained from trans-
formers and TF-2 from the manufacturer will be shipped in drum-trucks and
tankers, respectively. TF-2 is a make-up transformer fluid used to replace
material lost to the residues during reprocessing of TF-X into TF-l. TF-2
will be shipped to Henderson from the north (about 800 road miles) in tanker
trucks carrying 23 tons each. At full capacity, the plant will consume 45
loads per year of TF-2.

Although TF-2 is not currently considered hazardous by either EPA or The
Department of Transportation, a spill of TF-2 could have adverse effects on
the environment. Transport of TF-2 is discussed in Section 5.2.2.

*
Distances are reported relative to Louisville rather than Henderson
because that data was readily available. Louisville is 150 miles east
of Henderson. This makes the reported mileage low for some sites and
high for others. The total is very slightly less using this method
principally because Louisville is closer to New York.

**See note on page 3-2.

3-6



Table 1. Modeled distribution of TF-1 and TF-X transport
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TF-X will be transported in specially outfitted tractor trailers
equipped with a seal and liner containment system capable of preventing the
release of any potential leaks or spills due to faulty welds or chimes and
loose or missing bungs. Each truck will also carry emergency response
materials including safety gear, clean-up materials, repair kits and over-
sized drums into which any leaking drums (if discovered) can be placed.
Section 5.2.2.7 discusses the chance of a drum leaking during transit.

The TF-X wlil be contained in heavy duty 55 gallon steel drums. Each
drum will contain 650 Ibs of TF-X. Assuming sixty drums per trailer, each
load will equal 19*5 net tons. Stacking of drums is not permitted. At
capacity, the plant could theoretically handle as many as 1570 loads per year
or about 30 loads per week.

Various materials will be shipped from Henderson, Including clean TF-1
recovered by the plant, liquid waste residues (PCBs) and miscellaneous solid
wastes. The miscellaneous solid wastes consist of soiled uniforms, spent
activated carbon from the air purification system, materials used for soaking
up minor leaks and spills and similar waste. Since these will be produced in
small amounts and their transport involves only the most minimal hazards, they
will not be discussed further in this report.

TF-1 will be returned to the regional warehouses In the trucks that
deliver TF-X. A total of 1540 loads of TF-1 are expected to be produced
annually by the facility if it is operated at capacity.

PCB residues separated at the facility will be shipped to the in-
cinerators in tankers. Each truck will haul 23 tons of residues. At
capacity, there will be 74 loads per year, or a little less than IS loads per
week.

UNISON is preparing a plan for Jiiver emergency preparedness and related
matters. Such procedures will be described when available. They should be
available shortly after this report Is published.



3.5 MATERIALS HANDLING

The majority of all transportation related leaks and spills in tu,e
of drums, the overwhelming majority) take place during loading and unload1-^
rather than during over-the-road travel. Special attention was therefore
given by (JNISON's engineers both to avoiding spills and to containing spill;,
if they were to occur despite such precautions. Much of the materials ^andline
system is automated and proprietary and cannot be legally disclosed in this
report. Nonetheless, certain key features have been disclosed in proceedings
before the Henderson County Board of Zoning Adjustment or the Kentucky Natural
Resources and Environmental Protection Cabinet and can be mentioned here.
These features are noteworthy:

• The places where trucks park during loading and unloading are pro-
tected from the weather by side-walls and a roof so that spills cannot
be washed away in the rain;

• Loading and unloading areas are diked and sloped coward "blind" sunp-
so that spills cannot escape - containment is sufficient for a full
truck-load;

• Concrete surfaces in Jj)e loading and unloading areas have been coated
with a PCB-impervlous material so that spills do not soak in and can
be cleaned up more easily;

• Vents on tankers are connected to the plant air pollution control
system so that vapors do not escape as the tankers fill;

• Lift trucks used for loading and unloading drums are not fitted with
the "forks" one typically finds but with dedicated drum handling
equipment unlikely to cause punctures;

• When the drums are opened, a special exhaust system draws vapors away
and passes them through the plant air pollution control system;

• No drums are opened until they are on the automatic conveyor system;
drip pans underneath this system catch any spills;

• Tractors are removed from the trailers and the trailers are chocked
before they are unloaded; they are also tagged with a "Do Not Move"
sign; and

• All drums are tested with pressurized air in order to detect possible
Leaks before thev are refilled.

*A "blind" sump is simply a low spot in the floor, usually a square pit,
with no outlet.

**"Impervious" is a relative term. See the discussion on page 5-4.



3.6 SITE LAYOUT

The UNISON facility is located in the Henderson County Riverport

Authority and Industrial Park at the intersection of Old Geneva Road and

Riverport Access Road also known as Spencer Road (Figure 3). It is about 1500
feet south of the Ohio River at Rivar-Mile 808. The Administration Building
and employee parking lot are located along the west side of Riverport Access
Road. Further to the west and surrounded by a security fence are the Recovery
Center grounds. A paved area on which trucks can maneuver leads to the
shipping and receiving docks.

The entire grounds are graded and sloped toward a system of ditches that
surrounds the property and empties (after passing through a series of storm

ditches) into Canoe Creek. The distance from the facility to the Ohio River
along Canoe Creek is a little over five miles (Figure 4).

Transportation to and from the facility is along Riverport Access Road
(or alternatively, from the back of the property, along Industrial Park Drive)

to Highway 136 (Figure 5). Highway 136 connects with Highway 425, the
Henderson By-Pass, which terminates at the Pennyrlle Parkway. Here the traffic
splits. The connection with southern cities is made over the Pennyrile Parkway.
The connection with northern cities is over Route 41 to Interstate 64. Traffic

through Evansville will be along Interstate 164 after its completion, rather
than Route 41. The proposed route of I 164 is shown on Figure 24.

3.7 IN-PLANT PROCESSES

The process to be used at the Henderson facility is a physical separa-
tion. Physical separations are based on physical-chemical properties of

substances and not on chemical reactions. Physical separation processes may
include centrifugation, filtration, reverse osmosis, distillation, electro-

phoresis, solvent extraction or otner processes. Which of these will be in
actual use at Henderson is protected from public disclosure by Federal Law.
The process is not patented and UNISON believes it could be copied by their

competitors with substantial savings in research and development costs.
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The process Itself cannot legally be described in this report. The
equipment has been designed according to the engineering standards recommended
by the National Institute for Occupational Safety and Health (NIOSH) for the
processing of PCBs (NIOSH 1977). These -.-..dards are more strict than legally
enforceable engineering standards and were developed by NIOSH to protect the
public (including workers inside the facility) from incidental exposure to
PCBs. The recommended NIOSH standards are summarized in Appendix- 2.

All parts of the plant processing equipment are sealed against the escape
of vapors except those few parts where it is unavoidable such as the brief
opening of drums for Insertion of the drainage equipment. Vapors drawn off
from various parts of the process pass through one of eight vent lines to the
roof where they are released to the atmosphere. Before being released to the
outside air, vapors pass through beds of activated carbon at the end of each
line. These remove almost all organic vapors. A vapor analyzer just past the
carbon beds guards the vent lines to alarm any pass through above trace amounts
allowed in the air permit.
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4.0 ALTERNATIVES

This section describes alternatives which UNISON considered before
deciding on the present process and before deciding to Locate in Henderson
County. Alternatives available to EPA, including whether or not to allow
UNISON to operate and what conditions to include are also discussed. Finally,
this section discusses alternatives available to owners of PCB transformers,
including disposal options.

4.1 ALTERNATIVES CONSIDERED BY UNISON

UNISON considered numerous alternatives before applying for a TSCA permit.
Some of the major considerations included how to engineer a process which

> ,
would be both safe and profitable, where and how to build a plant using that
process, and how to market the capabilities of the plant. The more important
alternatives and UNISON's rationale will be presented here.

4.1.1 Site Selection

UNISON has stated that the Henderson site was selected in the following
three step process. In the first screening, sites outside of Kentucky, Indiana
and Tennessee were eliminated supposedly because they did not minimize total
mileage. In the second screening phase, Kentucky was selected because it

^"^ offered the best flexibility in using the only three permitted PCB incinerators.
In the final screening phase Henderson was selected as offering the best
facilities.

Technical Factors Governing the Site

Not every parcel of land is suitable for the facility. The site should
meet certain technological, environmental and economic criteria to be appropriate.

*The Pittsfield, MA incinerator has not been considered in either UNISON's or
EPA's analysis. See note on page 3-2.
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UNISON'S engineers felt it desirable that the site be at Least ten acres,
preferably fifteen. This allowed placing a fairly wide expanse of grounds
around the facility to enhance security and avoid unintentional intrusion i-to
the plant. It also protects the plant from possible accidents arising fror.

neighboring facilities and provides an extra buffer-zone between the facility
and the environment.

The site was required to be essentially flat, to be located above the
*

base (100 year) floodplain and have drainage paths which could be controlled
should any sort of disaster occur at the facility. This was Intended by
UNISON to protect against contaminating surface water and groundwater resource?

>

Good highway access near the interstate system was another UNISON require-
ment. Also, it needed certain utilities, including water and sewers, electricity,
police and fire protection and so on. Gas waa not required.

Finally, UNISON wanted the site to be far enough away from residential
neighborhoods so that it would not result in unreasonable risks, and yet close
to a good sized labor pool able to supply about thirty employees, some of whom
had to be highly skilled or technically trained.

There are a number of sites within one or two hundred miles of Henderson
which meet these criteria. UNISON has stated that the Riverfront Industrial >•
Park best met their requirements.

4.1.2 Alternative Processes

UNISON considered no other basic technologies besides the one proposed.
On the other hand, during the early stages of developing the proposed process,
UNISON considered many alternative ways of engineering and implementing the

*40 CFR 761.65 requires that the plant he above the one hundred year flood-
plain because it has been ruled a storage facility.



same basic technology. Early on, substantial work was done on a truck-mounted
process which could have been taken from site to site. It would have avoided
the transportation risks posed by the present facility. UNISON applied for
and was granted a permit to operate this mobile process. Because the process

was mobile, the application was handled by EPA Headquarters. An economic

analysis of this version, however, showed it to be more expensive than disposal
and replacement of the transformers It was intended to decontaminate.

The engineering effort then changed course toward the present plan. As
planning progressed, consideration of alternatives focused on increasingly
specific engineering details. Details of all this scientific and engineering
work are trade secrets .̂ ich cannot ' - discussed by EPA publicly. It can be
summarized, however, by saying that UNISON selected the process details they
believed were the most economical, the most reliable and the most environ-
mentally sound.

4.1.3 Alternative Pollution Control- Systems

A number of air pollution control technologies were investigated. The
activated carbon system chosen is appropriate and a proven technology. UNISON
designed this system to minimize releases and maximize treatability. A backup
monitoring and warning system was also installed.

The facility does not use water in the plant process and there are no
floor drains. These design considerations eliminate the industrial use of
water and therefore eliminate the need for water pollution coatroL. Sanitary
wastewater will discharge directly into the Henderson sewer system and treat-
ment plant.

4.1.4 Methods of PCS Disposal

There are four methods currently allowed by law for the disposal of PC3s:

• High temperature incineration;
• High efficiency Soilers (for oils contaminated with Low concentrations

of PCHs, - 500 ppm);



e Special Permitted Landfills (for certain solids and drained transformer
carcasses); and

• Alternative methods permitted under iO CFR 76l.60(e).

Alternative methods of PCB destruction include nethods which actually destroy
PCB molecules and those which only separate the PCBs from whatever material
they are contaminating. Permitted alternative methods which actually destroy
PCBS are limited to a new kind of small scale incinerator currently being used in
California and several types of chemical dechlorinatlon processes. Chemical
dechlorlnation removes the chlorine atoms from the polychlorinated biphenyls,
leaving the simple unsubstituted biphenyl. The decontaminated fluids are
generally reused but are not required to be reused. The following three
reuse processes have been demonstrated:

• Colloidal Sodium;
• Sodium, Naphthalene and Tetrahydrofuran; and
• Sodium, Polyethyleneglycol and Oxygen (DOE 1982, Kokoszka and

Kuntz 1985)

A number of other alternative methods not involving chemical dechlorlnation
•re in the experimental stage including:

Plasma arc pyrolysis;
High-temperature fluid wall reactors;
Light activated reduction;
Countercurrent, rotating plate solvent extraction;
Catalytic wet oxidation; and
Genetically engineered microorganisms.

^Carcasses are drained, filled with a solvent, held for 18 hours and drained
again before landfilling.



Physical separations include:

Centrifugation;
Filtration;
Reverse Osnuij;
Distillation;
Electrophoresis;
Adsorption; ^nd
Solvent extraction.

Of these, the only ones which have been demonstrated on PCBs so far are several
kinds of filtration, distillation, adsorption and several varieties of solvent
extraction.

4.2 ACTIONS AVAILABLE TO EPA

EPA has three options under TSCA in responding to a permit application.
The request can be approved, it can be approved with certain specified condi-
tions, or it can be not approved.

4.2.1 Approval

Approval would allow UNISON to operate the process at the Henderson
facility subject only to operating protocols proposed by UNISON in its appli-
cation. These protocols cover key areas of plant operations, including
instrument and control settings, calibration techniques, laboratory pro-
cedures, safety rules, employee health check-ups, alarm systems, driver
training, transportation routes, reporting periods and forms, processing
rates, security measures and so on. EPA has never granted a permit appli-
cation under TSCA subject only to protocols proposed by the applicant.

4.2.2 Approval With Conditions

Approval with conditions would allow operation of the facility according
to I'SISON's proposed operating protocols subject to additional conditions
Lnposed by F.?\. EPA has always imposed the general conditions listed In

Appendix 3. Additional conditions specific to the particular project have

also been imposed. These are used to c L a r i f v anv matters in the permit



application which are vague or anblgucas and to i.-npose additional health,
safety or operational protocols when EPA determines that thi-sa -night
reasonably lessen risks associated with the facility (Section. 7.1). If JNISON
objects to any of the additional conditions, it may decide not to 'operate the
facility, or it may petition for a modification. Should UNISON petition for a
modification, the facility must be operated, if at all, in compliance u/i*h the
disputed conditions until EPA makes a final ruling.

4.2.3 Non-Approval

Non-approval constitutes the "no action" alternative in this case. If
this option is selected the facility would not be permitted to operate. EPA
does not approve whenever it determines that a process may present an un-
reasonable risk to health or the environment. EPA also does not approve if
the demonstration test does not satisfactorily establish that the process can
achieve complete destruction (see 51 FR 6426 in Appendix 1). EPA will
determine whether the process for the proposed facility works based or.
analyses of the TF-1 to be recovered. The levels of PCBs in the TF-1 must be
below the detection limits of the test. Failure to successfully demonstrate
the process is a common reason for non-approval. However, non-approval can be
based on any deficiency presenting unacceptable risks. After non-approval, an
applicant may correct noted deficiencies and petition for a second demon-
stration test or EPA review.

4.2.4 Effects of Non-Approval (the "No Action" Alternative)

The bulk of this report describes effects anticipated if UNISON is
allowed to operate. This section describes what could be expected if UNISON
is not allowed to operate.

The majority of PCB filled transformers are being kept in service. New
transformers with PCBs cannot be manufactured and existing transformers are
only allowed to stay in service "for the remainder of their useful lives," iO
CFR 761.30(a). Certain -maintenance procedures are allowed to ke-»p then
functioning properly, 40 CFR 761.30(a)(2). A small percentage of these
transformers develop leaks each year and contaminate surrounding soils until

they are discovered and cleaned up.



A auch smaller number short-circuit and spark away until they are noticed

by maintenance personnel or automatic safety equipment turns them off. During
this sparking, small amounts of PCBs are converted to certain carcinogenic *nd
toxic chemicals called dioxins and dibenzofurans (NIOSH 1984). One of these
chemicals (2,3,7,8 TCDD) has been previously characterized as "one of the :iost
toxic substances known to man," and as "the most potent carcinogen" EPA has
evaluated (50 FR 29174). These chemicals, -together with the PCBs from which
they formed, can be carried by the soot and smoke caused by the sparking and
drift through the air. Many transformers are cooled by ventilation systems
that draw air from around them and distribute it throughout the building.
When this happens, very serious damage Is often caused because everything the
soot contacts becomes contaminated and is dangerous to touch or work around
(NIOSH 1986, EPA August 1984).

A fire on February 5, 1981 generated an estimated half an ounce of these
toxic materials. The materials contaminated an office building in which 700
people worked in Binghampton, New York. After more than five years of cleanup
efforts and more than $30 million, the building still cannot be used. Working
in the building might still present a risk of getting cancer.

EPA is very concerned about incidents like this because serious trans-
former fires appear to be happening to 0.003 to 0.004 percent of all large
transformers located near commercial buildings each year (EPA June 1985a).
There are more than 75,000 such transformers (see Appendix 4). These trans-
formers are, on the average, expected to last another twenty years. EPA
estimates there will be another 50 serious Incidents before these transformers
are decommissioned (50 FR 29179). The cleanup costs alone are estimated at
$399 million (50 FR 29188). "Given that a single serious PCB Transformer fire
in a commercial building can potentially expose thousands of people to PCBs
and oxidation products in soot in air, water or on surfaces, EPA has concluded
that PCB Transformer fires... pose significant risks to human health and the

environment" (50 FR 29186).



TSCA'does not allow the immediate banning of these transformers since it
would result in a loss of needed electric power throughout the country. Manu-
facturing capacity does not exist to replace the transformers rapidly. The
costs for replacement, if possible, would be high. EPA amended the PCB regula-
tions on July 17, 1985, to protect public health and the environment in these
circumstances (40 CFR 761, 50 FR 29179) adding the so-called "fires" rule,
which:

• Requires removal of the most dangerous* (high voltage*) PCB transformers
from commercial buildings by October I, t990;

• Requires installation of special* sophisticated circuit breakers* and
other electrical safety equipment* on the less dangerous PCB trans-
formers which are being allowed to stay in service In or near commercial
buildings;

• Prohibits anyone from moving an existing PCB transformer* to the
vicinity* of a commercial building*;

• Requires registration and marking of all dangerous PCB transformers*
with local fire departments and building owners, and notification of
the National Response Center whenever there is a fire*; and

• Requires removal of anything which might burn* from storage* around
PCB transformers.

In conclusion, the No-Action Alternative does not involve simple maintenance
of the status quo. Rather, it involves a variety of changes with regard to
PCBs and PCB transformers. EPA realizes that making these changes will be
expensive for the nation as a whole and transformer owners in particular.
Cost estimates are complex (EPA June 1985b) but totals near $2 billion are not
unrealistic. The choices for transformer owners are few. The high-voltage
transformers must either be removed or decontaminated. The low-voltage trans-
formers could be decontaminated or retrofitted with special safety equipment.

Transformers taken out of service permanently are drained of the hulk of

their PCBs, rinsed once and buried in landfills under requirements listed in
40 CFR 761,60(b) (I) (B). The transferor carcasses usually contain substantial

quantities of PCB<? that do not drain or rins<> ->at readily.

*These concepts are defined more precisely Ln :he regulations.



Therefore, tf there is no way to decontaminate existing transformers, the
costs of removal or safety retrofitting must be borne by transformer owners.
The disposal of PCB contaminated carcasses in Landfills also has associated
environmental and economic costs which must he considered.

The extent to which the above costs rnight be avoided if UNISON is allowed
to operate is one of many factors EPA has weighed in determining whether to
grant or deny the permit. This is required by TSCA Section 6(c)(l)(C) and
(D). Savings to transformer owners are discussed in Section 5.1.A.

4.2.5 Alternatives Available to Transformer Owners

Decommissioning, or removal from service, has been discussed in the
previous section. This section covers available methods of decontamination.

Several methods are permitted and in current use. It is not necessary to
describe in detail how each works. All of the existing methods have one or
the other of two drawbacks. The first major group of processes can only be
used on transformers with low concentrations of PCBs because these processes
have not been demonstrated to be effective on high concentrations (the fires
rule applies only to transformers with a high PCB content). The other group
of processes requires that the transformers be temporarily taken out of service
while they are cleaned. Cleaning can take several months to a year.

UNISON's process is the first to show real promise of avoiding both
drawbacks because the TF-L acts both as a .solvent to extract the PCBs and as a
temporary dielectric fluid so the transformer can remain in service.

4.3 OTHER REGULATORY PROCESSES

EPA is not the only regulatory body from whom UNISON must secure a

permit. UNISON is subject to regulations at every level of government,
including building, fire and el^ctric-»L inspectors, the City of Henderson

sanitary district, the County Zoning rommission, the state Environmental

Cabinet, and OSHA, EPA and other agencies at the Federal level. In deference



to the authority of each of the other agencies in its own area of
jurisdiction, EPA will not allow UNISON to operate unless all agencies approve
the project.

The Key agency at the county level is the Kenderson County Board of
Zoning Adjustment (HCBZA). The HCBZA has exercised jurisdi:tion ove- 'JSISON
on the basis of UNISON's use of storage tanks for holding materials in various
stages of the process. The HCBZA has the responsibility of protecting public
health and the environment from dangers that might he associated with such
storage. After an investigation and several hearings, the HCBZA granted
UNISON permission to operate at the site under certain conditions. This is
the Conditional Use Permit recorded in Book 4, paste 121 of Proceeding? of the
HCBZA. The conditions themselves are comprehensive and too numerous to review
here. Possible effects of operations at the plant on residents of the area
were considered. The HCBZA had no authority to demand engineering details of
the plant itself although possible quantities of hazardous materials present
were reviewed.

The key agency at the state level is the Kentucky Natural Resources and
Environmental Protection Cabinet, Department for Environmental Protection
(KDEP). Two divisions within KDEP have jurisdiction over UNISON, the Division
of Air Pollution Control and the Division of Water. The former has juris-
diction over any vapors which might come from the site, the latter over any
waters, including surface runoff of rainwater. EPA has been working In close
cooperation with both divisions within KDEP throughout this project.

The investigation within the Division of Water has been the less com-
prehensive of the two because materials being processed at the plant are
isolated from sewer lines and natural drainage from the site by a number of
containment structures in conformity with KDEP and EPA regulations and NIOSK
recommendations covering PCB processing facilities. Of course, a thorough

examination of possible releases from the site and runoff routes has been
•nade. However, nnca f.^<? division of Water confirms adherence to the cnnt.iin-

*However, the Conditional Use Permit is reprinted in Appendix III,



ment regulations, issuance of a permit under the Kentucky Pollutant Discharge
*

Elimination System can be expected .

Investigation within the Division of Air Pollution Control has been Ttore
comprehensive. There are eight vents coming from various parts of the process
which emit vapors. Each of these vent lines is fitted with a variety of traps
and condensers to contain vapors within the plant, and indeed within the
system itself so that workers are not exposed. Each vent line passes through
a bed of activated carbon at its terminus before releasing gases to the outside,
The Division of Air Pollution Control has attempted to determine the volume
and mass of vapors of each kind of chemical inside the plant which might pass

through the vent lines during ordinary and extraordinary operations at the
plant.

These calculations are based on well tested principles and the known
characteristics of each of the chemicals and devices in use. However, in
their analysis, the Division of Air Pollution Control had to make certain
simplifying assumptions to keep the calculations manageable. The assumptions
overstate the actual amount of vapors. For example, there is no way to
calculate the actual amount of vapors which cone out of a drum when it is
opened. The drums contain fluids from different transformers, they are filled
and later opened at different temperatures and the amount of air space above
the liquid in the drum varies. Drums are expected to be filled warm, opened
at room temperature and have only about three gallons of air space at the top.
The KDEP analysis is based on drums filled at 50'F (10'C), opened at 86'F
(30"C) and having ten gallons of air space. This vapor calculation gives
values which are certain to be more than what might actually occur. The other
calculations are similarly conservative.

*The proposed permit, number KY 0082571, became available as this document
was undergoing final editing. The Division of Water proposes to require
monthly monitoring of rainwater runoff for possible contaminants along with
comprehensive preventatlve measures, the Best Management Practices Plan.
Like HCBZA, KDEP is requiring a baseline survey to establish existing levels
of contamination at the site and in the ditches downhill.



By adding together the vapors produced In each part of the process and
then accounting for the effects of pollution control devices, KDEP obtained a
total emission rate of 400 pounds per year total organics. Using this value,
a computer model was run of atmospheric uxspersion around the plant to determine
where the vapors might blow. The Industrial Source Complex (ISC) model was
used. The computer was given five years of weather data from the Evansville
Weather Station and the calculated quantity of vapors emitted. Long experience
with the computer model used has shown that it accurately predicts the movement
of emissions from industrial facilities. Similar modeling conducted by EPA is
described ia Section 5.1.1.

Based on the results of this work, "he Division of Air Pollution Control
determined to grant UNISON a permit to construct the facility. (Permit number
C-85-264, Pile number 077-1760-0099). The Air Division will review its work '
and additional data to be submitted by UNISON before issuing an operating
permit.
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5.0 PUBLIC HEALTH AND ENVIRONMENTAL EXPOSURE ASSESSMENT AND RISK EVALUATION

This section develops estimates of the potential exposure of the public
to hazardous materials related to UNISON's activities both in Henderson and
around the country. It develops estimates of how great those exposures are
likely to be and their duration. It discusses concerns raised by the public,
by other agencies and by EPA. Questions raised about possible exposures due
to events which EPA believes are extremely remote or cannot occur are also
discussed. In each case, the strength of the evidence on which the assessment
was based is reviewed.

The discussion is divided into three broad areas. Section 5.1 deals with
ordinary operations, while Section 5.2 deals with accidents and disasters.
Section 5.2 is further divided into disasters at the plant site and accidents
during materials transportation. Section 5.3 evaluates the risks associated
with the exposure estimates developed in Sections 5.1 and 5.2.

5.1 ORDINARY OPERATIONS

This section estimates health and environmental exposures related to
ordinary operations at the facility. The bulk of the discussion covers air
emissions since no surface water or groundwater emissions are expected from
ordinary operations.

5.1.1 Air Emissions

Air emissions from the facility during ordinary operations were estimated
in cooperation with KDEP as described in Section 4.3. Total emissions will be
less than 400 pounds per year, probably much less. This is a little more than
one pound per day, or about three quarters of an ounce per hour. These
emissions will be almost entirely TF-1 vapors (99.99+H). They are expected to
contain less than 0.00012 PCBs (less than one part per million).

A breakdown of the chemical composition of the vapors was derived from
the known characteristics of materials to be used at the plant and the nature
oF the parts of the process which generate tne vapors. These figures cannot

be given in this report because t.iey jre derived from confidential business



information. However, the analysis of risk in Section 5.3 is "based on this
complete breakdown with one exception. For toxico Logical purposes, -CPA uni-
formly made worst case assumptions that raised the concentration of ?C3s by a
factor of ten to twenty depending on the circumstances. The concentrations of
the other organic vapors were adjusted downward slightly so that the totals
would remain

Using a method similar to that used by KDEP, EPA entered the 400 Ibs/yr
vapor emission rate into a computer program (ISC model) along with Evansvllle
Veather Station wind and temperature data. The output from the program gives
average annual concentrations at thirty different distances from the plant
•long the cardinal points of the compass, i.e. North, North-northeast, Northeast,
East-northeast and so on. The distances ranged from 0.17 km (0.1 miles) to SO
Ion (thirty miles). Similar results are obtained using the simpler model given
in Versar (1984 Vol. IV).

By Interpolating between data points, estimates were made of average
annual concentrations at three nearby receptors. The highest average annual
concentrations found were at the Riverport Warehouse and Docks. There are
usually twelve employees there. The concentration of organic vapor at the
warehouse was predicted to average 82.7 nanograa* per cubic meter (parts per
trillion*).

If these vapors were 100X PCBs, they would still meet EPA and NIOSH
standards for workplace air. Those standards were set twelve times higher at
1,000 nanograms per cubic meter based on a large body of data which supports
the belief that one could work in such air 40 hours per week without risk of
injury.

*Nanograms per cubic meter are only very approximately parts per trillion.
The first measure gives the mass of contaminants in a given volume of air,
the latter gives the weight of contaminants in a given weight of air. The
former is not affected by temperature, the latter, however, changes as air
gets more dense in the cold or less dense as it heats up. Because nanograras
and cubic meters inay be unfamiliar to many readers, we have included parts
per million, billion or trillion at various places in the text. The two
systems are identical only at 176°F (80'C). At 77'F (25°C), the actual
parts per million, billion or trillion is about 30S less than the value re-
ported in the text.
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The second highest annual average concentration of those examined at the
three nearby receptors was at Henderson Community College, just over a mile
South-southeast of the plant. The concentration here was predicted to be 9.45
nanograms per cubic meter (parts per tri'M^n) or a little more than one tenth
of the concentration at the Riverport Warehouse and Docks.

The third location examined was a residence located 1.4 km (0.84 miles)
west of the facility on Highway 136 just across the street from the airport.
Although a little closer than the College, it is upwind more often and because
of this the concentration will average only 8.48 nanograms per cubic meter
(also about one tenth of the Riverport Warehouse concentration). A complete
printout of the annual average predicted values is included in Appendix 5.

Concentrations, of course, decrease with increasing distance from the
facility. At Henderson City Hall, concentrations were predicted to average
C.58 ng/m , while at the Evansville Civic Center they would average 0.06
Qg/m3,

The 1980 census data was combined with the distribution of vapor concen-
trations to find the total quantity of vapors to which various groups around
the facility would be exposed. The major assumption used was that each person
breaths in 22 cubic meters of air in a day.

According to the 1980 census data, 383,151 people live within SO km

(approximately 30 miles) of the facility. All these people together would
inhale a total of about 0.59 grams of organic vapor per year or about two
hundredths of an ounce. Of course, this total is not divided evenly. People
closer to the facility would inhale disproportionately more. 21,932 people,
mostly in Henderson County, would Inhale just over half of the total amount.
The 2419 people in the closest census tract would inhale just under a third of
the total (7.81 X 10 grams/person/year). The greatest concentrations will
be to the Southeast.
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There are no known effects on nearby flora and fauna of concentrations
chis low. The health effe ::s of these concentrations and the other .-oncen-
crations reported in Sections 5.1.2 through 5.2.2.5 are covered in Sectior.
".3. "Normal" background concentrations of PCBs in air are sufficient tc

— ? _c

cause exposures of 3.5 X 10 grams/person/year in rural areas and 3.5 C 10 '
graras/person/year in urban areas (Versar 1984 Vol.!).

5.1.2 Surface Water Releases

Surface water releases will not occur during regular operations. AIL
processing is performed inside the containment structure. Loading and un-
loading activities are wj.i.nin buildin0_ which are enclosed except for the
places where trucks drive in and out. Loading and unloading areas ar? prided
and diked to contain any spills (minor in-plant spills are considered a part
of ordinary operations). Drums trucks have a dual-layer inner-liner contain-
ment system so that leaks cannot escape the vehicle. Tankers also have special
fittings which make leaks extremely unlikely. There are no pipes leaving the
facility other than the sewer line and the plant sewerage system does not
serve the PCS processing areas.

5.1.3 Groundwater Releases

Groundwater releases will not occur under normal operating conditions.
There are no underground lines containing PCBs or other hazardous materials
which could leak. The only underground lines are the water lines bringing
drinking water to the plant and the sewer line serving the lavatories. All
sumps in the facility (places where spills would run) are "blind" in that they
have no outlet and must be sucked out with a pump and hose in the event of a
spill. All concrete surfaces in the plant are sealed with a material that is
relatively impervious to PCBs to minimize leakage through the concrete. As

0 CFR 76l.65(b)(1)(iv) requires storage facilities to have "Floors and
curbing constructed of continuous smooth and impervious materials, such as
Portland cement concrete or steel". iiMlSON's coating, applied to concrete
surfaces in the plant at a cost of approximately 5100,000, goes well beyond
F.PA requirements. The costing, a three layer system manufactured and applied
>v Products Research Chemical Corporation of llendaie CA, absorbs Less than
~).001 ounces per square foot when soaked in PCSs for 14 days. Under
::>iidi tions, untreated concrete absorbs 4. : oz./ft2.



noted in Section 5.1.2, trucks are not expected to Leak on the drives and
roads outside of the facility.

5.2 ACCIDENT EXPOSURES

Accidents taay happen at the facility or they may happen during transpor-
tation. On-site accidents are considered in Section 5.2.1 while transportation
accidents^are considered la Section 5.2.2.

5.2.1 On-Site Accidents

Discussions with'the public, within the Agency and with other agencies
generated a list of major types of accidents and/or disasters which could
occur at the facility. These include the following:

Processing Failure
Pollution Control Equipment Failure
Fire or Explosion of Materials Being Processed or Stored
Earthquake
Flood
Tornado
Airplane Impact
Meteor Impact
Nuclear Explosion
Terrorist Bombing

Not all of these types of disasters merit additional detailed discussion.
Meteor impacts, nuclear explosions and terrorist bombings affecting the site
are exceptionally unlikely and there is no good way to predict them. They
have little relation co what will actually occur at the site and, as far as
anyone can predict, are about as likely to happen in one place as another. In
the case of nuclear explosions, PCB contamination would be the least of our
worries. The case of meteors is similar. Large bodies striking anyvhere in
Henderson County or small bodies at relativistic velocities would have blast

and radiation effects like a nuclear explosion. Intermediate force meteors
would seem to have the greatest potential for adverse effects due solely to
the spread of contaminants, but the probability of such meteors is so small
that it appears inappropriate to conduct further analysis. The potential for
a terrorist attack on the facility certainly exists, but it appears remote and
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we know of no way to measure the risk. No further discussion will be devoted
to these scenarios.

fne other listed disasters viii 'T> covered in some detail. T~.«v >-e

discussed in the !::•.lowing secti-j-is in tne order they appear i:i .--.a : j s t -

5.2.1.1 Potential for Releases due to Process Equipment Malfunction

An engineering study of the process and processing control system un-
covered nothing which might release hazardous materials outside the olant
other than vapors (fugitive emissions) from leaks and spills.

There are inany hazards within the plant which require caution, proper
implementation of procedures, and on occasion, protective gear. However, with
respect to the environment outside, the plant is designed with substantial
inherent safety. All operations are carried out inside containment basins
capable of holding the entire contents of ail vessels and -anss siau!:aneoi.:? L >•.
Containment, except for small quantities of vapors, would not be compromised
by a complete power outage. All containment is passive. There are no -dangerous
contained gases on the premises other than the liquid nitrogen and this gas
presents only minimal cryogenic and asphyxiation hazards. Nitrogen presents
no hazards to those off-site. There are no chemical reactions utilized on-st;e
and no potential reactions or cross-reactions In which materials present raigni
participate. No combustible materials are stored at the site. In summary,
there is nothing on-site which could produce a disaster off-site by merely
failing or from causes within the plant itself.

If part of the process does fail, such events will be detected before any
release could occur inside the plant. Dozens of process parameters are monitored
continuously by a redundant computer and alarm system so that the process will
produce a clean separation. Anomalous readings cannot persist for long and

values cannot drift far from their set points without triggering a variety of
responses from the control system. Corrective adjustments are made continously.
Adjustments and low levr-L alarms are triggered by any significant drift.

Substantial drift triggers htgh level alarms, and if the drift could 'ncrest;-'

certain hazards, initiates emergency shutdown. The .-ontrol nec*sp-iTv * :>



produce a clean separation is within closer tolerances than that required for
safety reasons.

Minor spills and leaks can be expected to occur from time to time. There
is no basis at this time for judging either the size or frequency of these
events. However, the air permit to be issued by KDEP will forbid release of
PCB vapors to the atmosphere in detectible quantities and will limit the
amount of other vapors to safe levels. Based on a study of engineering details
of the plant, it appears unlikely that emission limitations will be exceeded
due to in-plant accidents.

Sabotage, however, could result in a substantial release of vapors.
Minor sabotage could be accomplished by anyone with access to the facility and
a few simple tools. Minor sabotage, however, would not threaten health or the
environment off-site. This sort of sabotage could only cause minor leaks and
spills. Major damage could only be accomplished by someone with access to the
control panels and an intimate knowledge of the computer codes used to program
the control and alarm systems. Sabotage on this scale could result in releases
similar to those discussed In Section 5.2.1.7.

In summary, there is very little potential for releases due to process
equipment malfunction.

5.2.1.2 Potential for Releases Due to Pollution Control Equipment Failure

UNISON's pollution control system is simple and can be expected to be
reliable (Lees 1980). The plant has eight vents which release emissions to
the atmosphere. At each of the eight vents, vapors pass through beds of
granular activated carbon that adsorb the organic vapors and allow the air to
pass through. As a precaution against failure, each treated stream of air is
monitored for the presence of organic vapors. If organic vapors are detected,

the monitor activates the main plant alarms, which are the same alarms that
would go off if one of the process tanks developed a massive leak. If it ever
goes off, it is unlikely to be ignored.

3-'



The activated carbon beds are periodically emptied and replenished. The
schedule on which this is done is based on extremely conservative assumptions.
Consequently, if carbon is not changed on schedule, it is unlikely to result
in vapors even getting to the detector, much less past it. For a release to
occur, UNISON must either fail to replenish the carbon for a long time or it
must empty the used carbon and not replace it at all.

Even under these circumstances, a release could not last more than a few
minutes unless either the monitor or the alarm system fails at the same time.
Since the monitor is scheduled to be checked once each shift and recalibrated
once per week, more than a few people have to neglect their duties and the
monitor must fail for a release to be prolonged.

EPA is not aware of any way to estimate the chance of simultaneous equip-
ment failure and multiple party negligence. Nonetheless, an air model, INPITFF,
(EPA October 1984) was run using input data which assumes one of the carbon
units does in fact become overloaded from not being changed and that the full
strength of this stream is discharged to the air above the plant. Because the
emission rate is constant, concentrations downwind soon reach equilibrium.
They maintain the same value until the vent la fixed or the wind changes. The
worst wind conditions are low velocities and stable patterns. At 2.5 m/s wind
speed and stability class E, downwind concentrations la nanograma per cubic
meter (ng/m3, parts per trillion) would be:

Distance (m) Concentration (ng/m3)

300 3549
500 1567
1000 470.7
2000 141.5
4000 34.97

These vapors would be almost entirely TF-1. The vapors would be less than
0.002Z PCB's. The effect of such concentrations is discussed in Section 5.3.

5-8



5.2.1.3 Potential for Fire or Explosion Related Releases

Fires or explosions occur whenever conditions favor rapid oxidation or
combustion. Generally, this means three ingredients must be present:

• A fuel - something capable of oxidizing rapidly (technically, an
electron donor);

• An oxidizer - usually air or some other source of oxygen, but any
material will do which can rapidly accept the electrons given up by
the fuel; and

• A spark, flaae or sufficient heat for autoignition (Sax, 1979).

With minor exceptions, none of these ingredients is present at the facility.

Fuels

PCBa, TF-1 and TF-2 are inherently incapable of behaving like fuels
(NIOSH 1977; Versar 1983 Vol. III). Technically, they can be burned in
high-temperature, high-oxygen environments of special incinerators, but they
have no potential for burning outside such environments. The potential for
sustaining combustion is measured in a laboratory test by attempting to light
the vapors above a pool of the liquid. If the vapors do not burn at low
temperatures, the liquid is heated until the vapors do burn or until the
liquid boils away. This is called the fire point test. A variant is called
the flashpoint test. The value reported is the temperature at which the
material will burn.

Gasoline and alcohol, for example, will both burn at room temperature.
Diesel fu«l, hovever, will not; it must be heated to at least 100*? before it
will burn in a closed container and even higher before it will burn in open
air. PCBs, on the other hand, have no fire point; they can only be burned if
they are heated well above their boiling points (ASTM D2283, NIOSH 1977). The
American Society for Testing and Materials has also tested TF-1 and TF-2 for
both flashpoint and fire point and has reported that, Like PCBs, these materials
will not support combustion (the citation for this report cannot be given
without revealing the composition of these materials). Some of these materials



have a pseudo-flash point below the boiling point. This does not indicate a
fire hazard. Such flashing happens because the material used to create the
test flame contributes fuel to the test material to create a pseudo flash.
Once the flame producing material has burned, the TF-l and TF-2 cannot sustain
combustion.

There is no storage of combustible materials at the plant. Wooden benches,
originally specified for the employee locker rooms, have been replaced with
steel benches. To the extent possible, all combustible materials are absent
from the plant.

Oxldizers
^

UNISON's processing system at Henderson is totally enclosed, in com-
pliance with EPA and NIOSU directives on the handling of PCBs. There ar* no
open vats or containers In the entire process except the vent lines going to
the air pollution control system from the area where drums are opened. These
are necessarily open at the input end in order to scour vapors from the work-
place air. Special measures are taken throughout the plant to make sure air
does not come into contact with the materials being processed. The space
above the liquid in various tanks and containers is filled with nitrogen, an
inert gas, rather than with air. This has been done to protect the TF-1 from
the small amount of moisture usually present in air (i.e., humidity) because
small amounts of water can ruin the electrical properties of TF-1. Of course, >-
it has the added .benefit of keeping oxygen away from the material, and hence,
doubly Insuring that no combustion can take place.

Sparks, Flames and Heat

All of the more likely sources of sparks and flames have bsen eliminated
from the processing area. Smoking is prohibited anywhere within the reprocessing
center. While this is primarily a health measure designed to prevent inadvertent
PCS contact with Lips and mouth, it also serves to eliminate the most common

source of flames.
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Similarly, electrical equipment in the processing area is all contained
within sealed enclosures following standards contained in Class I, Group 0,
Division 2 of the National Electrical Code. These standards are not required
by the electrical code for this type of facility but appear to have been
followed more to protect the electrical equipment from possible PCB contamina-
tion than for safety reasons. Nonetheless, they serve to keep a common source
of sparks away from possible vapors.

One source of sparks and flames not eliminated is from welding operations
which nay be necessary at some future date in connection with repairs. Here
again, health measures intended to protect workers from PCB vapors also serve
to keep spark-, and flames awa;* from possible vapors. Repairs can only be
performed under the Hazardous Work Permit provisions of UNISON's Health Plan
which calls for testing the air in the area for the presence of organic vapors
before the work can proceed. Hence, this possible ignition source, although
not eliminated, is at least segregated. Given the non-flammable nature of
materials in the plant, this would not have been required merely for fire
prevention.

Other sources of sparks not eliminated are static electricity, the
scuffing of shoe nails on concrete and so on.

While sources of sparks or flames are virtually absent from the facility,
there are sources of heat. The residue tanks, for example, must be kept warm
to prevent the residues from solidifying; they are too thick to pump at room
temperature. These heat sources have been carefully examined with regard to
the possibility for a runaway heating event. A number of scenarios were
analyzed where runaway heating could occur, but they all involved a number of
peculiar and unlikely events happening simultaneously. The chance of this
happening was determined to be so small that it did not warrant further
analysis.



Potential for Fire

After careful review of the data presented above, it was determined that
a fire was not possible from causes within the facility itself. Fire could,
however, occur in connection with a terrorist incident or an aircraft impact
(see Section 5.2.1.7).

5.2.1.4 Potential for Earthquake Related Releases

Although it is not widely known outside the region, the Central
Mississippi Valley is one of the most seismically active areas in the world.
In the winter of 1811-1812, three large earthquakes centered near New Madrid,
Missouri, rocked the region. Witnesses wrote that the ground moved vertically
several feet as well as horizontally and that large amounts of sand and

•

sulfurous gas were spewed out. For a brief period, the flow of the Mississippi
River appeared to be reversed. A cypress forest in northwestern Tennessee was
lowered several feet and formed what is now known as Reelfoot Lake (Eblen
1986).

Various estimates of the magnitude of the December 1811 earthquake exist,
but all place it above 8.3 on the Richter scale (see Figure 6). Some authorities
rank it among the most powerful earthquakes of all time. Two aftershocks
early in the following year were of a force comparable to the recent earthquak'
that toppled buildings in Mexico City. *•

•

Concern that a major earthquake may again rock the Central Mississippi
Valley has generated demands that the potential earthquake impacts on UNISON"s
facility be thoroughly investigated before it is allowed to operate. This
section discusses potential earthquakes and their effects, including: (1) a
description of the fault system and causes of earthquakes in the area; (2)
estimates of the probability of earthquakes of various magnitude; and (3) a

descriptior of potential effects including possible releases of hazardous
materials at the site.
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The New Madrid Fault System

The New Madrid Fault System is named for the Missouri town located at tre
epicenter of the 1811-LSL2 earthquakes. it consists of numerous irregularly
overlapping faults (weak points) in the bedrock several thousand feet below

the surface that criss-cross each other in a broad zone that starts near
Memphis at the southern end (Figure 7). From there it runs north-northeast
under the Mississippi River to southern Illinois. Near the confluence of the
Ohio River and the Mississippi, the fault splits. One branch runs beneath the
Mississippi River ending south of St. Louis. The other runs east under southern
Illinois until it also splits. Here, one branch turns north, following the
Wabash Vaia.ey halfway up c.._ western boMer of Indiana. The other continues
east under the coal fields of Western Kentucky. The latter fault zone is
located near the southern boundary of Henderson County beneath the towns of
Tilden and Sebree, and is sometimes called the Cottage Grove or Rough Creek
fault zone (see Figure 8). Other smaller faults have been found in surround-
ing areas in deep bedrock, although none have been found beneath Henderson
County itself.

The origin of this deep faulting along the new Madrid zone has been
obscure until recently. Geologists now believe that this zone coincides with
a very ancient rift (about 600 million years old) which began to break apart
the landmass now known as the North American continent. However, the rifting
subsided before the continent was split. After the rifting abated, a zone of
weakness remained but lay dormant for hundreds of millions of years. Then,
approximately 65 million years ago, the combined continental mass composed of
Europe, Africa, and the Americas (which had drifted together) began to separate
to form the Atlantic Ocean. This mid-Atlantic rifting is still going on today
and North America continues to drift westward. Compressive forces associated
with this movement are theorized to have reactivated the ancient fault systems
within the Mew Madrid rift zone. These forces are strone enough to periodically

create powerful earthquakes like the ones centered near New Madrid in 1311/1312.
Extremely weak tremors occur nearly every day along this zone, although few

are strong enougn to -e '=1:. Noticeable but generally weak teablors JTJ fel:

every few years. Massive quakes occur every several hundred years 'Nuttli

1983).
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Recent studies have shown that seismic activity is concentrated along *he
main north-south New Madrid rift zone (Figure 9). The most likely earthquake

to affect the UNISON site would have its origin 100 to 150 miles ro the west
or southwest along this zone. However, an east-west trending fault zone (the

Rough Creek fault) lies less than 15 miles to the south of the facility. This
zone is an inactive branch of the active Mew Madrid zone to the west; no major

tremors or earthquakes have been recorded along this rone (Figure 8). If the
currently accepted model of earthquake activity in the area is correct, the
Rough Creek fault zone could not give rise to a major earthquake. However, if
it is wrong, one must concede some remote chance of a major earthquake with an
epicenter near Henderson County. Such a quake would theoretically be capable
of doing greater damage than a quake near the Mississippi and could conceivably
destroy the facility. However, resultant severe soils contamination would be
of little consequence compared to the loss of nearby cities.

Chance of an Earthquake During the Life of the Facility

The chance of a major earthquake occurring near the site has been
estimated by scientists using accepted theory that it would occur near the
Mississippi. The USGS estimates that there is only a 101 chance that ground
motions due to an earthquake will exceed four or five percent of the
acceleration due to gravity at any time in the next fifty years in the
Henderson area (USGS 1972). This estimate Is based on a calculation of the
forces which have built up in the deep layers of rocks. There is a 902 chance
that no earthquake of this magnitude will occur. If it does occur, objects
near Henderson will move sideways as though they were being moved by a force
about four or five percent as strong as gravity ordinarily pulls downward
(Figure 10).

The force-of-gravity estimate is stated differently in a more recent
study by the U.S. Geological Survey (Hopper et. al. 1983). Instead of

accelerations due to some fraction of gravity this study uses the Mercali
scale, which directly relates the kind of damage an earthquake might do (Table
2). The USGS estimates that if the Mew Madrid earthquake of 1811 were ever
repeated, Henderson County would experience destruction at the levels of VIII

and IX on the Mercali Scale. Under these conditions, the UNISON site would be
expected to be hit by forces which would reach IX on the MercaLi Scale.
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Table 2. Me real i e^.--
fay quakes of va.'

uake intensity scale and levels of dar.ase caused
..^ magnitude [Photocopied from fcranler -;:981/].

The Modified Mercalli Intensity Scale (Richter. 1956)
Masonry types The quality of masonry, bnck or otherwise, is specified by the following letter code

Masonry A Good workmanship, mortar, and design: reinforced, especially laterally, and bound together by using
steel, concrete, etc . designed to resist lateral forces.

Masonry B Good workmanship and mortar; reinforced, but not designed in detail to resist Lateral forces
Majonry C Ordinary Workmanship and mortar; no extreme weaknesses like failing to tie in at corners, but neither

reinforced nor designed against horizontal forces.
Masonry D Weak materials, such *s adobe: poor mortar; low standards of workmanship, weak horizontally
Intensity

value Description
I. Not felt. Marginal and long-period effects of large earthquakes.

II. Felt bv persons at rest, on upper Boon, or favorably placed
III. Felt indoors Hanging objects swing Vibration like passing of light trucks. Duration estimated. May not be

recognized as an earthquake
IV Hanging objec's swing Vibration like passing of heavy trucks, or sensation of a jolt like a heavy ball stnkmg

the walls. Standing can rock. Windows, dishes, doors rattle Classes clink. Crockery clashes In the upper
range of IV. wooden walls and frame creak.

V. Felt outdoors, direction estimated. Sleepers wakened Liquids disturbed, some spilled Small unstable
objects displaced or upaet Doors swing, close, open. Shutten. pictures move. Pendulum clocks stop, start.
change rate.

VJ. Felt by all. Many frightened and run outdoors Persons walk unsteadily Windows, dishes, glassware broken.
Cnickknacks. books, etc. off shelves Pictures off walls. Furniture moved or overturned. Weak plaster and
masonry D cracked. Small bells ring (church, school). Trees, bushes shaken visibly, or heard to rustle

VII. Difficult to stand. Noticed by driven Hanging objects quiver. Furniture broken. Damage to masonry D.
including cracks. Weak chimneys broken at roof line. Fall of plaster, loose bricks, stones, tiles, cornices, also
unbraced parapets and architectural ornaments. Some cracks in masonry C Waves on ponds, water turbid
with mud Small slides and caving in along sand or gravel banks. Large bells ring Concrete irrigation
ditches damaged

VIII Steering of can affected. Damage to masonry C. partial collapse. Some damage to masonry B. none to
masonry A. Fall of stucco and some masonry walls Twisting, fall of chimneys, factory stacks, monuments.
towers, elevated tanks. Frame houses moved on foundations if not bolted down; loose panel walls thrown out
Decayed piling broken off Branches broken from trees. Changes in Sow or temperature of springs and wells
Cracks in wet ground and on steep slopes.

IX. General panic. Masonry D destroyed; masonry C heavily damaged, sometimes with complete collapse.
masonry B seriously damaged General damage to foundations. Frame structures, if not bolted, shifted off
foundations. Frames cracked. Senous damage to reservoirs. Underground pipes broken Conspicuous cracks in
ground. In alluviated areas sand and mud ejected, earthquake fountains, sand craters

X. Most masonry and frame structures destroved with their foundations. Some well-built wooden structures and
bridges destroyed. Serious damage to dams, dikes, embankments. Large landslides Water thrown on banks of
canals, riven, lakes, etc Sand and mud shifted horizontally on beaches and flat land Rails bent slightly

XI. Rails bent greatly. Underground pipelines completely out of service.
XII. Damage nearly total. Large rock masses displaced Lines of sight and level distorted Objects thrown into

the air __ _______ ___________________________
Sourc* C F Rich l r r '195*1 Etrmmtarti Srumoiow. VV H Fr^-man and Compam San Francisco p iW»-: lS M m c < r ^mor-.ji
cha/ign, following B A Boll ;19T9i Earthquake* .\ Pnrnfr, W H Frrrman and Company ban Francisco \pprndu C p -'JJ-^Oo



These estimates of the kind of forces which might affect the Henderson
facility, althoug'' based on the best evidence, are subject to numerous un-

certainties. Ear'iquake prediction is a recently developed science, and
confidence in these predictions is far from universal. Because of this, EPA

considers it important to consider what night happen In earthquakes of larger
magnitude than those suggested by the prevailing theories.

Potential Earthquake Effects

Earthquakes are caused by sudden movement of rock along a fault zone, in
response to various kinds of stresses acting within the rocks. Earthquakes
have three poterx-iJtHy devastating effects. First, the energy waves generated
by the quake can literally shake buildings apart. Second, the vibrations can
turn saturated san.iy soils into a thick mud-like fluid which can flow. This
effect is known as Liquefaction and can result in the sinking and/or tilting
of buildings which re^t jpon these soils and the cracking of foundations. The
third major effect <.s a sudden rise or fall of bedrock. Such changes in
bedrock elevation ?re jnnost always confined to the immediate vicinity of the
earthquake epicenter.

Shaking

Mere shaking of :he UNISON facility at the recently predicted rate would
have little effect. In the recent earthquake In Mexico City, there was little

damage within the chemical processing industry and none that was sufficient to
cause concern. Much greater shaking, such as night result from a major earth-
quake located in the Rough Creek fault zone, could cause some breakage of
pipes and vessels with resulting PCB leakage within the containment structures.
However, unless the foundation Itself weze cracked, a significant release
would not occur. If there were a release inside the building and if the
foundation did crack, some losses to nearby soils could be expected. However,

due to the strong af fully of PCBs for soils, it seems unlikely that even a
heavy rainfall concurrent with the event would result in significant transport
of the pollutants to ^roundwater or surface water resources. Because of

strong adsorption of tl-e PCSs by the soil, cleanup of such a release would be
costly but could be complete. Figure 11 shows the Limited migration of PCBs
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in soils, even sandy soils. The soi'. cross-section is of a site near Waukegan
Harbor where spills occurred over a period of twenty years. Shaking effects

pose a .uiniraai threat to hitman heaic.i or the environment due to nazardous
materials exposure no natter how great the shaking.

Liquefaction

Liquefaction occurs when a saturated sandy soil is subjected to rhythmic
shaking or other stress. This stress causes the sand grains to settle and
realign in relation to each other. In this process, expelled water causes the
soil to lose its shear strength or ability to stay firm. As a consequence,
the sandy soils may begin to flow like a dense liquid (Dobry et al. 1981).

There are three effects of liquefaction which could hypothetically
threaten the UNISON site. First, massive and widespread flowage of liquefied
soils underneath the facility might conceivably move the facility towards the
Ohio River (1500 feet away). If this happened, a massive release to the river
would result. Second, the facility might topple as underlying soils lose
their ability to support the foundation. This effect was seen in the Niigata,
Japan earthquake of 1964. Third, as they flow, the soils beneath the. plant
might spread in a manner that could tear the facility apart.

The potential for liquefaction is related primarily to the type and depth
of soils beneath the site, the depth to groundwater and the magnitude of the
earthquake itself. In general, only sandy soils will liquefy. This is due to
larger pore spaces between individual particles. Fine soils such as silts and
clays, in contrast, are not known to Liquify. Liquefaction is also increasingly
less probable as depth to groundwater increases (Seed 1979).

Surface soils beneath the site are of three basic types: Henshaw silt
loam, Robertsville silt loam, and Galloway silt loam (USDA 1967). The un-
consoiidated deposits in this area consist mostly of fine grained alluvium and
loess materials derived from the Ohio River (Harvey L956). Silty to clayey
soils and alluvium underlie the facility to a depth of at Least 40 feet.

Because of their fine particle size and great thickness, such materials are
unlikely to experience liquefaction in an earthquake (Seed L979). However,
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fiuwage of deeper sandy layers could in turn cause disruption of overlying
silty soils. There is a thick layer of sand beginning about 50 feet beneath
the facility. Despite this, a major episode of liquefaction at the facility
does not seem likely, but it cannot be ruled out without in situ seismic study
of sediments underlying the site.

If liquefaction does occur, the bluffs along the Ohio River would likely
collapse. However, the plant site is far enough south of the bluffs that it
is impossible for the plant itself to be carried to the River (Figure 12).
The drawings in Figure 12 are vertical planes through the plant running north/
south. The upper drawing has a ten-fold vertical exaggeration to show eleva-
tions more prominently and is typical of such drawings la the geological
literature. The lower drawing is to scale. In the upper drawing, it appears
possible that if the bluffs collapsed the plant could be carried to the river,
la the lower drawing, however, one can see that this Is plainly impossible.
Mudslides of any consequence can only occur in hilly terrain. There is no
danger from this effect at the Henderson site.

Toppling of the Hendersor. plant could not occur although some degree of
tilting is a distinct possibility. Toppling occurs when soils can no longer
support the foundation. Large angles of tilt are only possible with multi-
story buildings. Small angles of tilt are possible, however, even with single
story buildings. If all tankage at the site had ruptured so that the con-
tainment bays were full of fluids, a tilt of about half a degree (approximately
IX) in the north/south direction would be sufficient to cause spillage. While
greater slopes could be tolerated in the east/west direction because of the
shape of the containment structure, the most likely direction of tilt is to
the north. Although tilting is unlikely to be substantial, it ^s impossible
to rule out slopes of one or two percent. Consequently, if most of the tankage
inside the plant ruptures due to shaking, soils contamination outside the
plant could well occur. If major spillage inside the plant does not occur

(and it will not if the quake only registers IX on the Mercali scale,) tilting
of several degrees would result in no release to the environment.
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The third dangerous liquefaction effect is jpreading of surface soils
with consequent cracking and dislocation of foundations. IP. the San Fernando
earthquake of 1971, most of the damage to :he Jens an (wa.cr) "ilti-ation Plant
was due to this effect. If similar effects occurred at UNISON's Heticerson
facility, it is Likely that lines would crack as the foundation broke, te-
leasing contaminants to the soils beneath the facility. While no general
release to the enviroment would be possible other than vapors of little
consequence, the clean-up would be costly and would likely require demolition
of the facility.

Subsidence

The third major hypothetical cons quence of an earthquake would involve
an abrupt uplift or subsidence of the ground surface via movement of under-
lying bedrock. Such effects are almost always confined to the area near the
epicenter of a major earthquake which in this case is likely to b-e 150 miles
from the site. Unless a major earthquake occurs In the nearby Rough Creek
fault zone, subsidence sufficient to damage the facility is exceptionally
unlikely. If it does occur, the effects would be similar to those caused by
spreading of soils due to liquifaction.

Conclusions

Of all three earthquake effects, liquefaction appears to have the
greatest potential of directly affecting the UNISON site. However, the
character of underlying soils at the facility suggests that liquefaction
effects, if they occur at ail, would be very minimal. Of the three types of
liquefaction described above, some degree of tilting or sinking of the entire
building would be most likely. Any PCB spills resulting from such settling
could be contained within the immediate vicinity of the facility. Similarly,
a spill could be contained if the facility were damaged by a spreading flow

pattern. Large scale fiowage of the entire sediment pile into the Ohio River
cannot happen.
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5.2.1.5 Potential for Releases Due to Flooding

The UNISON facility is located in the Canoe Creek drainage basin, approx-
imately L*t miles west of the confluence of Canoe Creek and the Ohio River
(Figure 13). It is located only a few hundred feet south of a low ridge which
rises two to three feet above the level of the property. North of the ridge,
run-off is directly towards the Ohio River; south of it, to Canoe Creek.
Thus, flooding could come from either the Ohio River or from Canoe Creek..
However, since there is virtually no land up-hill from the facility within the
Canoe Creek drainage basin and because it is so near Canoe Creek's juncture
with the Ohio, flooding, if it occurs at all, would have to come primarily
from back-up of the Ohio. Nonetheless, the potential for flooding from both
the Ohio River and Came Creek w*s studied.

A recent study by the Corps of Engineers (COE 1985) reports on the
potential for flooding in the vicinity of the project site:

"Significant flooding on Canoe Creek is caused by frontal system storms
and convective storms. Frontal system events are characterized by rain-
fall that is widespread in aerial coverage and generally moves up the
Ohio River valley on a track from southeastern Missouri to western New
York. Runoff is often increased by antecedent conditions. Convective
storms are typified by the thunderstorm. They are often marked by periods
of intense rainfall for short durations and may be extremely variable in
the area covered.

Flooding on the lower portion of Canoe Creek is controlled by the Ohio
River. Notable floods on the Ohio River at Henderson, Kentucky, Include
those that occurred in February 1884, March 1913, January 1937, December
1942-January 1943, March 1945, April 1948, and March 1964. Profiles of
these floods, except the 1884 event, are shown on [Figure 14],

January and February 1937 witnessed levels of flooding previously unknown
on the Ohio River resulting from numerous storms that occurred between 26
December 1936 and 25 January 1937. Rainfall totals for this period
ranged from 8 inches on the northern fringe of the basin to 25 inches
near the center of the basin. An isohyetal map [showing where a.nd how
much rain fell] of the Ohio River Basin is shown on [Figure 15] . A
series of reservoirs have been constructed on tributaries of the Ohio
since 1937; therefore, a recurrence of the same flood stages would be
less likely today.

*
Compare the rainfall pattern on this Figure with the shape of the Ohio Basin
itself shown on Figure 16.
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Figure 13. Canoe Creek watershed.

5-28

OHIO mVM BASIN
CAMOf CUCIK

HCNOCRSON. KV.

BASIN MAP

OHLIO-H 19S1



Figure 14. Elevations of notable floods in the vicinity of Henderson Co. (COE
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Figure 15. Total precipicacion in inches, December 26, 1936
co January 25, 1937. (COE 1985)
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A more recent event occurred in March 1964 when two periods of heavy
rji-.faii produced severe flooding along the Ohio Rlvar. Prior to March
1064, soil .Tioisture was seriously deficient In Ohio, Indiana, and Kentucky.
The dry period ended abruptly when rain fell in two periods on 2-5 March
and 8-10 March. Heavy rains during the first period covered a broad area
paralleling the Ohio River from southeastern Ohio to western Kentucky.
These rains were a part of strong thunderstorm and wind activity. Tornadoes
killed three people in western Kentucky. A second series of storms hit
the area again in less than a week. Heaviest concentrations were centered
along the Ohio River again with maximum amounts In southern Indiana and
northern Ohio. This tine the precipitation extended farther up the basin
into central Ohio and western Pennsylvania. Isohyetals for both storm
periods are shown on [Figure 17]. The March 1964 flood on the Ohio River
at Evansville, Indiana, reached a stage which was 0.6 to 1.1 feet lover
than the floods of 1883, 1884, 1913, and 1945, and 6.0 feet below the
flood of 1937."

Ten-year, one-hundred-year and five-hundred-year flood levels are shown
for the Ohio River on Figure 18 and for Canoe Creek on Figure 19. Based on
this information, waters could be expected to rise as high as 376 feet above
sea level once every one hundred years and as high 378*s feet above sea level
once every 500 years. In the great flood of 1937, water rose to about 381
feet (McCabe 1962) (Figure 20) . These levels are now considered to be about
as high as the river could possibly get barring only the most extraordinary
events. Since the project site is located at an elevation of greater than 389
feet, it is not within an area considered capable of flooding.

Nonetheless, even the most remarkable events do, on rare occasions,
occur. If one extrapolates from the available data, the chance of a flood as
high as 390 feet is so small it is likely to happen only one to five times
every million years. Such a flood would barely wet the foundation of UNISON'3
facility but would put much of Evansville under more than ten feet of water.
Extent of a 390 foot flood is shown in Figure 21. Even higher water can be
imagined but the chances of this occurring are extremely small. In conclusion,
there is no significant hazard from this facility associated with flooding.
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5.2.1.6 Potential for Tornado Related Releases

The chance of a tornado strike at the Henderson facility was estimated

based on data kept by the National CLimatic Data Center (NCDC) sf the National
Environmental Satellite, Data and Information Service of the National Oceanic

and Atmospheric Administration (NOAA). For the period HS3 to I98i, tornadoes
have occurred in Kentucky at a rate of 2.01 per 10,000 square miles per year
(NQAA 1984). However, Eastern Kentucky experiences very few tornadoes, while
Western Kentucky experiences proportionately more (see Figure 22). Note ti.o.
Western Kentucky storm frequencies are closer to Illinois and Indiana frequen.-. ,
than those further east. The NCDC gives tornado frequencies of 4.80 and 5.70
per 10,000 square miles per year for Illinois and Indiana, respectively (Ibid).
For the purposes of this report, we will assume that Henderson County experiences '*•'
tornadoes at a rate of 5/10,000 mi /yr.

Tornadoes vary widely in the amount of destruction they cause. Some
never touch the ground. Others touch, skip and touch again. Some die out
quickly and other continue for many miles. The NCDC has no data on average

characteristics. Based on conversations with several meteorologists, we
estimate that the average tornado touches down along a path 100 yards wide and
continues for less than one mile. Based on these assumptions, the chance of a
tornado strike at the facility is about one in 35,000 per year or 28 strikes
every million years. Most of these are weak tornadoes (Snow 1934).

~<w
Fewer than 25Z of all tornadoes are classed as strong and fewer than 3Z

are violent (see Figure 23 and Table 3). While any tornado might cause root
or wall damage to the structure, only a strong or violent storm would be
capable of causing a release of pollutants from the proposed facility.

Estimating the effects of a strong or violent tornado on the facility is
made rnore difficult by the fact that tornadoes are capable of freakish results.

Based on a sizeable body of anecdotal evidence accuramulated by the Weather

Bureau (Appendix 6), it appears as though the facility could be substantially
destroyed by any st-rong tornado. However, the resulting releases are Likely

to he limited to what might Leak from damaged drums and tanks tossed about Sy

the storm. Most of the Leakage would probabLy occur after the tornado had
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Figure 23 . "The Tornado", John T. Snow, Scientific American,
April 1984
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Table 3. Definition of Fujita Tornado Scale (F scale)
(FO) Sale tornado (40-72 mph): Light damage

SOM damage to chimneys; break branches off
trees; push over shallow- rooted trees; damage
sign boards.

(F1) Moderate tornado (73-112 mph): Moderate
daavge
The lower Unit (73 mph) Is the beginning of
hurricane wind speed; peel surface off roofs;
•nolle hones pushed off foundations or over-
turned; moving autos pushed off the roads.

(F2) Significant tornado (113-157 mph):
Considerable damage
Roofs torn off f^me houses; mobile homes
demolished; boxcars pushed over; large trees
snapped or uprooted; light-object missiles
generated.

(F3) Severe tornado (1 SB- 206 mph): Severe
damage
Roofs and some walls torn off well-construcced
houses; trains overturned; most trees in forest
uprooted; heavy cars lifted off ground and
thrown.

(F4) Devastating tornado (207-260 mph): Devastat-
ing damage
Well -constructed houses leveled; structure with
weak foundation blcw.i off some distance; cars
thrown and large missiles generated.

(F5) Incredible tornado (261-318 mph): Incredible
damage
Strong frame houses lifted off foundations and
carried considerable distance to disintegrate;
automobile- sized missiles fly through the air
(n excess of 100 m; trees debarked; Incredible
phenomena will occur.

(F6-F12) (319 mph to *«ch 1. the soeed of sound):
The maximum wind soeeds of tornaooes are not
expected to reach the F6 wind speeds.

IT3*r)) Strong Tornado
(F4»rt) Violent Tarntda

FromJ. Atmos. Sc i . . August 1981, 0. 1517-1519

-« 1



passed and It is most unlikely that any of these containers would move -sore
than 1/4 mile from the Facility (NOAA 1981; Weather Bureau I960). Thus, the
more probable result of destruction of the facility by a tornado is isolated
areas of severe soil contamination capable of being cleaned up vLth existing
technology and posing raininal long terra threat to human health or the environ-
ment (USWAG 1982 Vol.IV).

However, in the very remote event of a double strike by two tornadoes on
the same day or by two funnel clouds in the same multi-funnel cloud storm,
human health and the environment could be severely compromised. The worst
possible case is for spillage from the first tornado to be spread by the
second. If the spreading is wide enough, few effects could result because the
PCBs might only be present below detectable concentrations. However, if the
entire contents of the facility were spread over a one square mile area, the
resulting vapors in areas immediately downwind would be very concentrated and
clean-up of the soils exceedingly costly. We believe the chance of such an
incident Co be less than one in one hundred million annually.

5.2.1.7 Potential for Aircraft Related Releases

This section discusses the potential for releases of hazardous substances
caused by a small airplane crashing into the facility. First, the position of
the facility relative to Henderson/Henderson County airport Is described and
the accident history at the airport is reviewed. The chance that a plane
might hit some part of the facility is then estimated. Finally, a model is
developed to describe the worst case emissions from such an accident and the
results of the model described.

Location

The UNISON plant is located approximately one mile east of the Henderson/
Henderson County Airport. The parking lot of the proposed plant is located
exactly one mile east by north (or more precisely, at a bearing of 76°) from
the nearest end of the principal runway). Since the main runway is very
nearly due east/west, the plant is located 14° north of the direct line of
sight along the runway and slightly less than a mile away depending on the
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part of the plant under consideration. A distance of exactly one mile is used
in the calculation below without correction.

There ire 10 other .Ttr^orts nearby, so that the chance of -T ;il.ne '--3-

some other airport hitting the facility is very small and not considered
further. Data on such occurrences based on records kept by the National
Transportation Safety Board and the Federal Aviation Administration are
presented in Appendix 7. The only foreseeable aircraft accident at the UNISON
facility would be due to takeoffs or landings at the Henderson/Henderson
County Airport (H/HCA).

Accidents and other incidents associated with H/HCA.

At EPA's request, Glyn Parsons of the Aircraft Owners and Pilots'
Association in Oklahoma City searched AOPA's computer records for all
incidents associated with H/HCA. While three incidents were found, it is not
clear whether the craft involved were operating out of H/HCA or whether H/HCA
was simply the reporting field. One Incident occurred at the airport itseir
but amounted to little more than a rough landing. The location of the other
two incidents is not known to EPA.

The three incidents/accidents that have been reported in connection with
the Henderson/Henderson County Airport since January 1980, are:

o On June 15, 1981, the alternator control wire in a private Cessna P206
overheated, filling the cabin with smoke. The pilot flew to Henderson
for an emergency landing. There were no Injuries, but the plane
sustained minor damage.

o On September 28, 1984, the oil filler tube fell out of a Piper PA28R,
causing the engine to quit as a result of oil pressure loss. The
pilot attempted to land on a road, turned sideways and lost control.
Although there were no injuries, the plane suffered substantial damage.

o The third incident was fatal. On August 9, 1980, a Cessna 150B was
observed "flying low and making abrupt manuvers." The craft was later
found demolished.

Only this last incident would have been sufficient to threaten UNTSON's
plant.



The Chance of a Crash into the Plant
•

The chance of a plane hitting some part of the plant was calculated
according to a nethod developed by Sandla National Laboratories 'or use Sy t^e
Navy in estimating the risk to its Strategic Weapons Facility at the King's
Bay (Georgia) Submarine Base (US Navy 1985). The Base is located near St.
Mary's Airport, St. Mary's, Georgia, a single-runway field with no control
tower and serving general aviation. "General Aviation" is a tern which refers
to aircraft flown under mles other than 14 CFR 121 and 14 CFR 135. Since
these two rules cover large airlines, charter craft, air cargo operations,
commuter airlines and on-demand air taxies, "general aviation" is usually
limited to small private craft (FAA 1984).

The Sandia method is based on a study of accidents related to busy,
single runway fields with no control tower and serving general aviation in
areas without substantial hills (Cornell 1973; Smith 1983; Solomon 1975; US
Navy 1985). To use the method, one must know the size, shape and orientation
of the facility, its direction and distance from the airport runway, and how
aany takeoffs and landings occur annually. The method determines takeoff
associated crashes separately from crashes associated with landings. The
analysis considers crashes which would hit the facility initially as well as
those which strike the ground in front of the facility and then skid into it.
Persons familiar with operations at H/HCA estimate that there were 22,000
takeoffs and landings in 1985. A more comprehensive description of the calcu-
lation is given in Appendix 7.

Using this data in the Sandia method for crash estimation gives the

chance of an accident in any given year as 0.0000133 or 1.33 X 10~ . This is
13.3 times every 1,000,000 years or about once every 75,000 years. Looked at
another way, we can say there is a 50:50 chance of it happening sometime in
the next 52,000 years or a 99.973% chance that it will not happen in the next

twenty years. These calculations assume H/HCA traffic volume remains constant,



If we assume the volume of t r a f f i c at H/HCA grows at 6Z per year for the

next twenty years, there would be 70,557 t akeof f s or Landings In the year
2005. That would be 193 p«r day or one every 74 minutes around-the-clock.
T^e :'-,d-v.:s -jf nn p l ane crash int :> t1!? L'NISO'J p l a n t in the next twenty years ,

assuming 6Z growth, is 99.679Z. Conveioej./, the chance of one or more crashes
into the faci l i ty would be 0.321*.

Possible Effec ts of an Airplane Hitt ing the Plant

Because the 0.321Z figure is by no mean* negligible, EPA determined the
possible range of effects of an airplane hitting the facility and modeled a
"worst case" event.

The most likely event would tear open the roof and break open some pipes
or drums, causing minor spillage and consequent release of small quantities of
vapors to the atmosphere. There is some likelihood that a low velocity, low
angle-of-approach accident would result in the airplane bouncing off the roof
or becoming entangled in the roof support structure without doing any damage
to the storage or processing equipment. There is some chance, roughly estimated

to be 10Z, of a large spill inside the plant due to rupture of a large tank or
major pipe resulting from a major crash. This would allow somewhat larger
quantities of vapor to escape. Emissions would be similar to the phase III
emissions described in the worst case analysis below.

In a rnajor crash, the processing system would go into emergency shutdown
mode, which kills power to everything except the safety and pollution control
equipment. If ail power to the facility were lost, the safety equipment would
not function and greater quantities of vapors would be released. However,
spilled materials would be contained within the concrete containment basin.
Clean-up could be completed within a few days at most.

A hypothetical "worst case" accident was created which involves a high
angle of impact and high velocity. It requires that the bulk of the c ra f t
penetra te the roof wi thou t subs tan t ia l Loss of energy and subsequent ly lodge

in the storage tank ho ld ing concent ra ted PCS residues. It wil l be recalled

that th is tank is kept warm to prevent the residues f rom so l id i fy ing . The



"worst case" accident further assumes that the fuel tank on the plane is full
and that ail of the fuel spills and catches fire. Finaiiy, warn residues are
assumed to spread across the floor in the -rain containment basin and give off
vapors until emergency response personnel -:an either clean t'ien up or rescor?
vapor containment. The probability of a crash affecting the site resulting in
this worst case accident is estimated to be significantly less than 1?.

In order to model this accident, It was divided Into three phases.
During the first phase which lasts a few seconds, the plane penetrates the
residue tank. All of the plane's kinetic energy turns to heat and boils off a
quantity of residues creating a hot cloud of concentrated vapors which rises
out through the hole in the roof. During the second phase, the fuel mixes
with the PCB residues and ourns creatiu6 soot containing dioxins and dlbenzo-
furans. This would last a few minutes. The third phase involves evaporation
from the spill and is assumed to last 72 hours.

In order to model phase one, it is necessary to know the size and velocity
of the plane. Calculations were based on a 4-passenger propeller driven model
fully loaded with fuel and cargo. It vas assumed that the terminal velocity
was 90 knots (103.5 orph) and the weight of the 4-passenger fully loaded plane
was 2635 pounds. Since kinetic energy is equal to one-half the mass times the
square of the velocty, the analysis indicates 3.066 X 10 Joules of energy are
liberated as heat.

If the plane passed cleanly through the roof and the side of the storage
tank without losing energy, 73,300 calories of heat would be delivered to the
residue tank. This is clearly an unrealistic assumption. It does not consider
energy released through movement of materials or the heating of parts of the
facility other than the PCB residue.. But there is no simple method for. esti-
mating the energy lost going through the roof and the side of the tank and
energy lost through deformation or movement of materials, so this energy was

not considered.



In order to make a conservative analysis, a second assumption was -nade
that the residues were not merely warm but that they were just below the
boiling point. This raises the quantity of vapors released by sixty to ninty
percent. This was done because each component of the residue has a different
specific heat and a different boiling point. Detailed calculations were
avoided because they could have been used by UNISON's competitors to determine
the kinds of chemicals in the residues.

Finally, it was assumed that the latent heat of vaporization, or amount
of heat necessary to evaporate the material, was 100 BTU's per pound (55.6
calories/gram). Each component actually requires somewhat more heat than this
to evaporate.

Based on these assumptions, the quantity of vapors released by the initial
impact would be 5.52 kilograms or about 12 pounds. This figure was used as
Input to the Phase I analysis. The Phase I analysis involved use of a computer
model, "PUFF", (Petersen 1982) which determines how vapor clouds caused by
explosions might affect people downwind. Various kinds of atmospheric conditions
were used in the PUFF model to estimate worst case wind and turbulence conditions,

The results of this modelling are reported below.

In order to model phase II, EPA had to determine whether burning of the
spilled fuel would be used simply to add more heat and Increase vapor concen-
trations or whether to assume incomplete combustion, soot formation and the
formation of highly toxic by-products. It was decided that the more conserva-
tive approach, given concerns over toxics formation, would be the latter.
Consequently, a fire model developed by Versar, Inc. (EPA June 1985a) in
connection with transformer fires exacerbated by the presence of combustible
materials was used. This model was simplified somewhat by assuming that the
quantity of soot produced would be about 20Z of the total weight of fuel.

Finally, it was assumed that the soot produced would have the same composi-
tion as soot produced in transformer fires. This was done because there is no

data on the kind of soot produced in burning UNISON residues (no one has ever
burned them). Also, the residues have similar physical-chemical characteristics

to typical transformer fluids.



Soot dispersion was -nodeLied using INPITFF I'EPA October 1984) assuming a
fire temperature of 400*C. While this temperature is too lew to permit sub-
stantial dioxin or dibenzofuran formation, INPUFF calculates plume rise based
on wind speed and temperature (the higher the temperature the higher the
pluae). The lower temperature caused the plume to be modeled as close to the
ground as possible in order to exaggerate exposures and keep the scenario
conservative. The results of phase II modeling are reported below.

In order to model phase III, evaporation rates were calculated for the
spilled residue by assuming that they spread across the entire surface of the
main containment basin. This basin has a surface area of 401 square meters,
counting equally areas covered by equipment as well as open areas. It was
further assumed that the residue would remain warm (60*C) rather than slowly
drop in temperature. The results of phase III modeling are presented below.
Because the crash sight destroy a wall as well as the roof, the vapors in
phase III were modeled using a computer program (D2PC) developed by the Army
(US Army 1986) to determine the effects of chemical weapons on exposed popu-
lations. This was chosen over INPUFF because it can handle vapors close to
the ground more accurately.

Modeling Results

The results for phase I show that the greatest concentrations are found
using*low wind speeds (1.0 meters per second) and unstable atmospheric con-
ditions (stability class 1). These are not common conditions but they are
possible. They bring the vapor cloud to the ground the shortest distance from
the plant. The highest concentrations are projected at about half a Icllometer
downwind (0.3 miles) from the plant and occur between eight and nine minutes
after the accident. Concentrations peak at 965.3 micrograma per cubic meter
(parts per billion*) and over the first minute average 891.3 ug/m3. Values
drop rapidly after that as the cloud moves on.

See note page 5-2.



Concentrations at one kilometer downwind peak at 595.5 ug/m3 about 17
minutes after the crash, average 582.0 ug/m3 for the first minute and 375.8

ug/m3 for the first five minutes. Again, values drop rapidly thereafter as
the cloud moves on.

At ten kilometers downwind (6 miles), concentrations peak at 3.722 ug/m3

and average 3.460 ug/m3 for about fifteen minutes. Under stable atmospheric
conditions, these more remote receptors could be exposed to concentrations
that would peak at 48.88 ug/m3 and average 34.51 ug/m3 for about five minutes
before dropping off. The effects of these exposures are discussed in Section
5.3.

After the initial vaporization of materials, a fire was hypothesized to
begin. The greatest exposure to soot was found to occur at wind speeds of 1.5
meters per second in unstable air (stability class A). The highest concentra-
tion was at one kilometer downwind where the plume first touched ground about
11 minutes after the accident. Concentrations average 406 nanogratns per cubic
meter for the first five minutes of exposure and average 50.7 ng/m3 for the
first hour. With higher wind speeds (5.0 and 10.0 m/s) stability class D
produces the greatest exposures. At 5.0 m/s, these occur at 2 kilometers from
the site and average 135 ng/m3 over five minutes. At 10.0 m/s, maximum con-
centrations occur at 4.0 kilometers and average 220 ng/m3 over five minutes.

Soot deposition was not modeled based on the small size of this fire.
Levels found after the much larger Jacksonville, Florida fire of Janury 29,
1984 were barely detectlble (BESD 1984). Toxic organic compounds in soot are
assumed to have the same breakdown of composition as found in the soot
produced by the Blnghampton, New York fire, that is (EPA June 1985a):

92.01 polychlorinated biphenyls;
1.19Z 2,3,7,8 tetrachlorodibenzofurans;
0.63X other tetrachlorodibenzofurans;
3.75Z other chlorinated dibenzofurans;
0.0652; 2,3,7,8 tetrachlorodibenzo-para-dioxin;
0.012Z other tetrachloro dioxins; and
L . 3 5 % o the r chlorinated dioxins



The effects of this exposure are discussed in Section 5.3.

In the third phase, because the emissions are prolonged, downwind con-
centrations come to equilibrium and remain the same until the wind changes or
the spill is cleaned up. If the wind changes, concentrations rapidly reach a
new equilibrium. If the spill is cleaned up, concentrations drop to zero.
Downwind concentrations are greatest at low wind speeds in very stable air
(stability class F). At 2.5 a/s wind speed, concentrations of toxic organics
downwind are predicted to be as follows:

Distance Concentration
10 aeter .................. 37.1 ug/m3

50 asters .................. 10.6 ug/m3

100 meters ................. 5.64 ug/m3

500 aeters ................. 950 ng/m3

1.0 kilometers ............... 201 ng/m3

2.0 kilometers ............... 42.2 ng/m3

3.0 kilometers. ............... 16.6 ng/m3

Possible effects of these exposures are discussed In Section 5.3.
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5.2.2 Potential for Transportation Related Releases

Transportation related releases are a possibility each time a truck-load

of materials travels oh our nation's highways. Despite the greatest safety
precautions, accidents will happen. The chance of an accident happening to

any one truck-load, however, is small. This section estimates the risk
associated with moving materials to and from the Henderson site. The potential
for releases is estimated from both local and national perspectives. Possible
exposures from several different "worst case" accident scenarios are also
discussed.

The national analysis is in Sections 5.2.2.1, 5.2.2.2 and 5.2.2.7. These
sections present estimates of total annual mileage by type of cargo, releases
of bulk liquids from tankers, and losses from drums carried on box trucks.

Sections 5.2.2.3 through 5.2.2.6 describe potential transportation accidents.
Section 5.2.2.3 describes land uses along UNISON's transportation routes and
notes places where impacts of accidents would be greater. Section 5.2.2.4
decribes a worst case accident in a residential neighborhood. Section 5.2.2.5
considers the chance of a fire in connection with an accident. Section 5.2.2.6
describes a loss of PCB residues to the Ohio River at the route 41 bridge.

Sections 5.2.2.8 and 5.2.2.9 develop estimates of the chance of accidents
along the routes to be used by UNISON in Henderson and Vanderburgh Counties,
respectively. Section 5.2.2.10 compares the risks discussed in the preceding
sections with other risks associated with hazardous materials transport.

5.2.2.1 National Analysis-Annual Mileage by Type of Load

The quantity of materials going to and from Henderson was reported in
Section 3.4 based on the plant operating at full capacity 24 hours a day.

Full capacity calculations are based on operation at the maximum hourly rate
permitted in the Kentucky Air Permit twenty-four hours per day for 286 days
per year. This gives the maximum allowed annual operation permitted in the
air permit. Alternatively, one could consider full capacity to Involve

operation at 78? of maximum permitted hourly rate continuously, 24 hours per
day, 365 days per year.
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Few plants ever run at fu l l capaci ty, however, and the UNISON fac i l i ty is
unlikely to be an exception to the rule. In f a c t , even if marke t ing e f f o r t s
are exceptionally productive, it is not likely the plant will be brought up to
capacity for several years. As a conservative measure, however, es t imates of
the probabili ty of transportation related releases have been based on opera t ion
at full capacity.

The annual mileage for each type of cargo is based on the known distances
from Henderson to the Incinerators and to the TF-2 production facility, and on
the estimated market for UNISON's services. The following table shows the
mileage by type of cargo based on production at full capacity.

Component Annual Miles Type of Container
TF-1 977,151 drums
TF-2 36,000 tankers
TF-X 996,184 drums
Residues 35,927 tankers

5.2.2.2 Estimated Tanker Release Rates

According to the U.S. Department of Transportation, Bureau of Motor
Carrier Safety, over-the-road trucks are involved in 1.2 accidents for every
Billion miles travelled. The present analysis assumes tanker trucks have the

same accident rate. Of tanker truck accidents, seventy-one percent are minor
and involve no release of cargo. Conversely, 29Z involve some loss of load.
Additionally, tankers develop leaks from causes unrelated to accidents at a
rate of 0.43 per million miles (EPA March 1985). This gives a total release

rate of 0.78 releases per million miles (1.2 times 0.29 equals 0.348; 0.35
plus 0.43 equals 0.78).

DOT's office of Hazardous Material Transportation maintains a computer

record of every reported transportation related release of hazardous mater ials .

A printout was obtained of every such release in Indiana and Kentucky which
occurred between January I, 1981 and January 31, 1986. There were 142 such
Incidents involving tankers. The quant i ty released is charted in Table 4.
Forty-three incidents (30.3) involved less than ten gallons and accounted for

0.11 of the total q u a n t i t y released. Twenty-five Incidents ( 1 7 . 6 % ) i nvo lved



Table 4. Distribution of cargo losses from tankers during transit
in Kentucky or Indiana from January 1981 through January 1986.

>ize of Spill
(gallons)

0.1
0.4
1.1
3.3
11
33
101
317
1001

- 0.3
- 1.0
- 3.2
- 10
r 32
- 100
- 316
- 1000
- 3163

more than 3163
Total

Number of
Incidents

2
8
13
20
20
18
12
13
11
25
142

Percentage of Total Lost
Ail Incidents (gallons)

1.
5.
9.
14.
14.
12.
8.
9.
7.
17.

••̂••̂•i

100.

4
6
2
1
1
7

5
2
7
6_
1

1.
2,
7,
20,
145,
178,

0.
6.
30.
135.
437.
033.
814.
441.

985.
680.
562.

4
5
0
0
0
0
0
0
0
5
4

Percentage of
All Losses

0.
0.
0.
0.
0.
0.

1.
4.

11.
81.
100.

00
00
02
08
24
58
58
17
75
59
01
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Gallons Released
less than 100
101-316
317-1000
1001-3163
more than 3163

TF-2
0.016
0.002
0.003
0.002
0.005

Totals: 0.028

more than 3200 gallons and accounted for 81.592 of the total quanti ty released.
Based on these f i g u r e s , the chance of releases of various sLzes was c a l c u l a t e d

as follows:

Annual Chance of Various Releases

Residues
0.016
0.002
0.003
0.002
0.005
0.028

This means that if the facility operates for 1000 years, one could expect 28
releasing incidents involving T?-2 and 28 involving residues. This would equal

one releasing incident involving some type of cargo every 18 years. Of these
incidents, only half would involve PCBs. These numbers mean that there is a
31.6Z chance of no releasing incident occurlng during the twenty-year projected
life of the facility and that there is a 56.7% chance that there would be no
release of PCBs. The most likely result is that there will be exactly one
release and a 50Z chance that this release will involve PCBs.

These figures must be qualified, however, because they probably overstate
the chance of a tanker release. In the first place, the data are based on
releases from all tankers, many of which have a aluminum bodies. The tankers
UNISON will use are stainless steel, which are less likely to puncture.
Secondly, the tankers UNISON will use have special caps and seals on the '

valves and hoses, which substantially reduce the chance of leaks. Third,
UNISON will use only experienced drivers given special safety training.
Finally, EPA's records regarding hazardous waste shipments show that in
general, hazardous waste tanker drivers have a much better safety record than

truck drivers. A f t e r more than nine million road miles, there has been no
release due to an accident from a hazardous waste tanker (EPA March 1985).

Nevertheless , EPA considers any release of PCBs to be s i g n i f i c a n t . EPA

is especially concerned with the potential for tanker related releases because

lar^e amounts m i g h t be re leased and because the chance of such a r e l ea se

associated wi th the Henderson faci l i ty is by no means negligible. Because of
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these concerns, EPA analyzed several possible "worst case" accidents. These
are accidents where a whole Load is lost and which happen at the worst possible
places, including residential neighborhoods or where the spill might pose the
greatest threat to public water supplies. The chance of fire in connection
with an accident was also investigated. These "worst case" accident scenarios
are considerably less likely than a release in general. This should be kept
in mind by the reader when reviewing the scenarios. The reader should alsa
bear in mind the relative risk of this facility compared to risks we live with
every day.

Before we relate the "worst case" scenarios, it is necessary to first
discuss "sensitive receptors" »*>»«• might be impacted.

5.2.2.3 "Sensitive Receptors"

"Sensitive receptors" is a term used in environmental regulation to
denote living organisms or resources which, if exposed to a hazardous material,
might suffer in some special way. In this particular case it consists of
schools, nursing homes, public water supplies and nature preserves. In
connection with the UNISON project, EPA identified all sensitive receptors
along the routes to be used by UNISON and along the Ohio River for fifty miles
downstream from Evansvllle.

EPA interprets the term "sensitive receptor" broadly. Residential areas
were determined first. Areas located along Route 41 through Evansville are
plotted on Figure 24, while areas located along the routes to be used by
UNISON in Hendersoo County are plotted on Figure 25. Schools are also noted
on these figures. Group hones for Evanavllle and Henderson were determined
exhaustively and are listed in Appendix 8. Much of this information is from
Area Plan Commission (1985).

Every water supply company which cakes water from the Ohio River down-
stream from the Route 41 bridge was contacted. The intake location and treat-
ment method used was recorded. Locations of water supplies are shown in
Figure 26. Not surprisingly, all water supply treatment companies use alum
coagulation for suspended solid removal and have activated carbon on stand-by
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rPOTENTIAL RECEPTORS

EVANSVILLE .

E - Elementary School
M - Middle School
S - Secondary School
V - Vocational School
C - College
H - Hospital
R - Nursing Home

Residential area

Figure 24. Potential receptors in "-Ivansville area.
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E - Elementary School
M - Middle School
S - Secondary School
V - Vocational School
C - College
H - Hospital
R - Nursing Hone

F__1 Residential area

POTENTIAL RECEPTORS

HENOERSON

Figure 25. Potential receptors in the Henderson area.
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Downstream

Water Intakes
Uniontown

Horganfleld

Figure 26. Water supplies downstream from Lite rmite
bridge with Intakes In Hie Oliiu River.



should the Ohio River ever become contaminated with organics such as ?CBs.
Activated carbon is particularly effective in removing such organic chemicals.
PCBs are only one of many contaminants these water supplies might experience;
hence, icchanisms ire already in place to clean the water for drinking sh.iuLd

the supply become contaminated.

5.2.2.4 Worst Case Residential Accident

A precise location for this accident scenario was not picked because
there are many residential areas along Route 41 through Evansville. The most
likely accident scenes are discussed In the local accident analysis in Sections
5.2.2.8 and 5.2.2.9. The purpose of this exercise is only to determine the
maximum concentrations of PCBs and othei transported materials to which people
near the scene of an accident might be exposed.

First, it was assumed that whatever caused the accident would cause a
release of the entire load. Second, it was assumed that the spill occurred on
hot pavement so that the maximum amount of material would become airborne. A
pavement temperature of 60* celsius (140* fahrenheit) was used. This is too
hot to touch but pavements occasionally get this hot on summer afternoons.
Next, it was assumed that the spill would spread over a large area. Because
all parts of Route 41 are crowned or sloped and because the PCB residues are
viscous (like a thick syrup), the largest area which is likely to be covered
was estimated to be 50 square meters (538 square feet). However, as a con-
servative measure, this figure was arbitrarily raised by a factor of nine to
450 square meters (4842 square feet).

The next step in the analysis was to determine the rate of evaporation of
the various chemicals in the residues. This depends on a number of factors,
the most important of which are the concentrations of the various ingredients
in the residues, their vapor pressures, temperature and wind speed. As noted

before, we assumed a temperature of 60*C. Wind speeds were varied systematically
to find which wind conditions would represent worst case conditions. While
high wind speeds promoted the greatest evaporation, they also tended to disperse
the vapors. Concentrations of various chemicals which might be In the residues
were calculated based on the known composition of TT-1 and various PCB rrans-
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former fluids using a computer model (which has proved very accurate in
similar situations) of UNISON's process. A problem, however, developed
regarding which vapor pressures to use,

Vapor pressure is a measure of the tendency of liquids to evaporate.
When the vapor pressure of a liquid is equal to the barometric pressure of the
surrounding air, the liquid boils. Water, for example, boils at 212'F when
the barometer reading is 29.92 Inches because at 212*F water has a vapor
pressure of 29.92 inches. At 68*F, water has a vapor pressure of less than
on* inch (0.69 inch). PCBs have vapor pressures which are much lower than
water. The following table compares a typical PCB with water at various
temperatures. The vapor pressures are stated in millimeters rather than
inches.

Vapor Pressure Comparison

Temp. Water Hexachlorobiphenyl
32'F 4.58 0.00000005
68*F 17.54 0.000001

140"? 149.38 0.00012
212*7 760.00 0.005

The problem which vapor pressure presented in this analysis is that there
are 209 distinct PCBs, no two of which have the same vapor pressure at any
particular temperature. Many of these PCBs have never had their vapor
pressure measured. Of those which have been measured, the one which evaporates
most readily does so about a million times faster than the slowest to evapora
UNISON will be processing many kinds of PCBs most of which are complex mixtur
There is no good way to estimate the actual vapor pressure of the PCBs in th:
spill model.

EPA decided to assume UNISON would only be processing a mixture of PCB'
known as Arochlor 1242. This mixture is known to have the greatest tendenc
to evaporate of all the commercial mixtures UNISON might be processing but
constitutes less than IOZ of the PCBs in UNISON's potential market. It wa
f u r t h e r assumed that the mix of PCBs In the Arochlor 1242 was such that QI
homolog was composed entirely of that isomer having the greatest volatili
For example, Arochior 1242 contains about 252 tetrachlorobiphenyl. Varic
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tetrachlorobtphenyis have vapor pressures at UO'F that range from 0.0004 =m
up to 0.0020 am. For this spill model we assumed ail the tetrachiorobiphenyl
had the highest known vapor pressure, 0.0020 mm. The net effect of all these
assunptijns is that the PCB exposures produced by the model are much higher

than what would be produced by a real worst case accident. The values are
certainly five times too high and possibly 50 times. However, unless and
until actual measurements can b« made on UNISON process streams, a conserv-
ative approach is the best method available.

Based on these assumptions, evaporation rates were calculated using the
methods of EPA (1974) and Fuller (1966). Rates were calculated for each
component of the residues; in the case -f PCBs, assumed components were used
as discussed above. Rates were calculated using wind speeds which varied from
1.0 to 10.0 meters per second (2.2 to 22.4 miles per hour). Various types of
atmospheric conditions were assumed to determine the effect of stable or
turbulent air flow and so on. All these values were entered into a computer
program used by the Army to determine the effects of chemical weapons on
exposed populations. The Army model was chosen over several models used
primarily for Industrial emissions because it can model the behavior of vapors
close to the ground more accurately.

The worst meteorological conditions for nearby receptors were found to be
high winds of stability class D. These wind speeds (10 meters per second) may
be inconsistent with the assumed pavement temperature of 140*F. The worst
conditions for distant receptors were found to be gentle breezes with no
turbulence (2.5 meters per second wind speed and stability class F). Stability
class F only occurs at night. A sample of exposures at various distances from
the spill (directly downwind) and under various conditions is presented in the
following table:



Exposures (in tng/m ) - Hot Pavement Scenario

Wind Speed (in ra/s)
Stability Class

At Spill - all vapors
- all PCBs

50 meters - all vapors
- all PCBs

10
D

2517
10.9

107
0.46

5
D

2817
12.2

93
0.40

2.5
F

1160
5.02

67
0.29

1.5
A

541
2.34

5.2
0.022

500 meters - all vapors 1.78 1.14 1.92 0.011
- all PCBs 0.0077 0.0049 0.0083 0.00005

Exposures which would result with different assumptions regarding spill size
and paveme-* *«mperature car> he calculated from the tabulated values. Evapora-
tion from a circular spill is proportional to the 1.8 power of the spill
radius (Fuller 1966). A fifty square meter spill would produce vapor concen-
trations 0.138 times as great as those reported above. (The square root of
50/450 raised to the 1.8 power is 0.138). A large spill of PCB residues is
much more likely to be this size (50m2) than the size reported above (450m2).
In this case, emissions would be slightly less than one seventh the values for
the extreme worst case. The relative proportion of PCBs in the vapors would
remain the same.

Evaporation rates would be much less if the spill were not on hot summer
pavement (60*C, 140*?) but more likely on warm pavement (35*C, 95*F). Under
these conditions, evaporation rates would be about one fifth of the rate given
for 60*C. Based on the same assumptions, the evaporation rate for total
organics would be 0.189 times the value reported. Moreover, PCBs would con-
stitute only 0.259Z of the total organics rather than 0.4325Z. Hence, the PCB
evaporation rate would only be 0.113 times as great or about one ninth.

At 25* (77*F) the total organics evaporation rate would be 0.0985 times
the rate at 60*C (less than one tenth). The PCB evaporation rate is only

0.17775! of the total organica rather than 0.4325*. Hence, PCBs would evaporate
at only 0.04 tiires the 60*C rate (about one twenty-fifth).
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Combining these figures, a typical large spill (50m2) at 35°C (77°F)

would produce vapors at 0.026 times the rate reported above (one thirty-eighth)

and would produce PCB vapors at only 0.0156 (one sixty-fourth) times the rate
reported. At 25"C the rates are lower still by factors of 0.52 and 0.69,

respectively. Hence, at 25*C, a 50m2 spill would produce total organic vapor
0.0135 times (one seventy-fourth) those reported in the table above; the PCB
evaporation rate would be 0.0108 times (one ninty-third) the tabulated rate.

The exposure rates presented will persist directly downwind until the
spill is covered by emergency response personnel. Typical response times for
an urban spill are on the order of ten to twenty minutes. In a worst case,
the spill could be covered in less than an hour. A discussion of what health
effects might result from these exposures is presented in Section 5.3.

5.2.2.5 Chance of Fire in Connection with an Accident

Department of Transportation data (ORI 1978) indicate that trucks are

Involved in accidents involving fires at a rate of four per billion vehicle
miles travelled. These data include gasoline powered vehicles and trucks

carrying flammable cargos. The trucks UNISON will use are diesel powered and
will carry non-flammable cargos. This makes the chance of fire much less.
Diesel fuel simply will not burn unless it is heated (see Section 5.2.L.3).
While cases are known where diesel fuel ignited after spilling over a hot
engine, such cases are exceptionally rare. Nonetheless, if this happened and

PCB residues dripped onto the fire, soot could be produced which would be more
dangerous than the PCBs. However, the dripping would have to be at Just the
right rate; if it were too slow, only negligible amounts of soot could be

formed, if it were too great, it would dowse the fire. The PCB residues
UNISON might be transporting would behave like chemical fire extinguisher

fluid In such a case.

Another possibility considered by EPA was a collision with a second
vehicle carrying a flammable cargo. This too is exceptionally unlikely to

happen. A fire could, of course, result from collision with any gasoline
powered vehicle. After modeling a fire at the UNISON facility in connection

with an aircraft impact and finding low levels of soot production (see Section
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5.2.2.7), EPA has determined not to separately model a fj.re In connection with
a traffic accident.

5.2.2.6 Worst Case Water Impacts Accident

The site for this accident is the northbound Route 41 bridge which crosses
the Ohio River between Henderson, Kentucky and Evansvllle, Indiana. There are
two structures, one southbound, the other northbound. PCS-laden residues will
only be transported north on their way to Incineration In Chicago, never south
across the other bridge. The bridge is located just upstream from river mile
787. It was chosen as the "worst case" site because It Is located 4lj miles
upstream from the water supply intake for the City of Evansvllle.

As with the other accident scenarios, it was assumed that an entire load
of residues would be released (In this case, to the River). As noted earlier,
a load of residues weighs 23 tons (net). Unlike the earlier scenarios, no
particular release characteristics and/or river characteristics were assumed.
Instead, a range of possible conditions was Investigated, not only the worst
case situation.

Four possibilities of how the residues might get from the bridge to the
River were examined:

• The tanker itself could plunge through the guard rail and drop to the
River with its cargo;

• A spill on the bridge could drip into the River;

• A spill on the bridge dripping into the River could be dispersed by
high winds; and finally,

• The tanker could break the guard rail on the approach to the bridge,
spilling residues along the banks of the River into which they could
later be washed by rain water.

Obviously, if the tanker itself plunges into the River, the entire 23
tons would be lost. With the other three scenarios there is a substantial
probability that some (perhaps most) of the 23 tons could be kept from
entering the River. If the tanker itself fell into to the River, the resldu
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would Likely form a pool on the river bo t tom near the accident s i t e and the

area of contaminated sediments would likely be smaller in total areal ex ten t

than that resul t ing f rom drippage.

This sort of accident has never happened before, so es t imat ing these
e f fec t s involves a cer ta in amount of speculation. However, the Behavior of
PCB's in vater has been extensively studied. These studies have shown that
PCB's have very little solubility in water. The most soluble commercial
mixture which UNISON will handle is Arochlor 1242. It is soluble to about 0.2
parts per million (mg/1). Other commercial mixtures have solubility limits
one or two orders of magnitude less than this (EPA June, 1985a). Gallon for
gallon, PCB's are 351 to 58Z heavier than water. Because of this greater
density and the low solubility, when they are dropped into water they sink and
form a pool on the bottom.

Other studies have shown that PCB's have a strong chemical at t ract ion for
dirt and sediments, especially if the sediments are rich in organic mat te r .
If one mixed equal amounts of water and sediment in a container and then added
PCB's in amounts which did not overwhelm the binding capacity of the sediments,
the PCS concentration in the sediments would be about a million times greater
than the concentration in the water. Consequently, even in the very worst
spills, the concentration of PCB's in the water never gets near the solubility
limit because the PCB's are so much more strongly attracted to sediments.

Finally, studies have shown what happens to PCB's if they are never
cleaned out of the water. The isomers with only one or two chlorine atoins are
totally destroyed by algae and bacteria in the water within a few days.
Isomers with three chlorines take one to six weeks to disappear. With f o u r
chlorines, several months are required. With five or more chlorines, the
PCB's last a very long time. They gradually accumulate inside the algae and
bacter ia that are trying to digest them.

Algae and bacteria are at the base of the aquat ic food chain. Smal l
an imal p l a n k t o n feed on these orgauis-ns dud f u r t h e r o o n c e n t r a t e the PC3 's .

This is primari ly a result of p a r t i t i o n i n g into L i p i d f r a c t i o n s . When a n l - n a l

p l a n k t o n are eaten by small f i s h and these in tu rn by larger f i s h , the P C B ' s



get passed alcng at concentrations that become larger and Larger . This is
called bio tnagnif ica t ion . Because of th is , if PCS spills are l e f t in wa te r and

not cleaned up, a f t e r several years the fish that feed in that area can become
h igh ly con tamina t ed and u n f i t for human consumption.

In order to estimate what might happen to a load of residues lost to the
Ohio River, we need to look beyond laboratory and ecological studies and
examine the record of previous accidents.

The largest single recorded spill occurred on September 13, 1974, in
Seattle, Washington. A transformer filled with Arochlor 1242 was being loaded
onto a barg- in the Duvaralsh Mver near river-mile 2 (two miles from Puget
Sound) when the sling broke, dropping the transformer onto the edge of the
dock. While the broken transformer remained on the dock, approximately 14
tons of concentrated PCB's were lost to the River (EPA 1976b).

There were no labeling requirements at that time and people at the site
assumed that the transformer had been filled with mineral oil (the recent
spill at Louisville was of low concentration PCBs in mineral oil). The normal
oil spill procedures at the dock were instituted. Workers, however Vcame
suspicious when none of the "mineral oil" floated. Two or three days later
someone figured out that the supposed "mineral oil" might have been PCB's and
notified EPA and the State of Washington, Department of Ecology.

When laboratory tests indicated the presence of PCB's, emergency clean-up
procedures were instituted. At that time, about 30Z of the spill was still
present on the bottom in visible pools which were recovered by divers using
hand held dredges. The remaining 70! had spread to the surrounding sediments.
These were not removed for another two years, at which tine dredging of approx-
imately 40,000 cubic yards of sediments was required.

Based on this case and other lesser spills, EPA believes that loss of a
tanker to the Ohio River at the Henderson site would result in pooling of a
substantial f rac t ion of the load on the river bottom with some con tamina t ion
of the surrounding sediments . The extent of physical spreading of the pool of

P C B ' s would depend pr imar i ly on the current speed at the time of the sp i l l .



It also seems Likely that clean-up, If attended to promptly, would not be
prohibitively expensive. It is worth nocing that Arnchlor '.242 was the
mixture which spilled into the Duwamish River. It is the lightest PCS

nixture, gallon f?r silltn, that UNISON ~ight handle and i= iLso the -.ost

soluble in water (overall solubility is very low, however, as explained
above). It appears that despite these properties, PCB's have little tendency
to migrate once they fall into water.

If this were a complete picture of PCB's in water, there would be little
cause for concern from a river-spill. However, other factors are involved.
PCB's have a small but measureable tendency to slowly diffuse into surrounding
waters where they can be transported for some distance by the currents (McKay
et al. 1981). The strong affinity of PCB's for binding to small particles
also means that they are likely to move with particles that get suspended in
river water even without much turbulence. Transport of these suspended particles
is the principal mechanism by which PCB's in water move from one place to
another. It Is not a rapid process but it is continuous (McKay et al. 1981).

The best data on solubility and transport of PCB's have been gathered at
two large spills in the Great Lakes. One, in Waukegan Harbor (Just north of
Chicago) involved the release of almost 40 tons per year for twenty years.
Host of these PCB's (an estimated 1.6 million pounds) still lie on the bottom
of Uaukegan Harbor. Of key Interest here are the amounts that are actually in
surface waters and capable of being transported. Water column data gathered
by Hydro Qual in L979 (EPA 1981) show that the dissolved concentration plus
the suspended concentration of PCBs in Waukegan Harbor ranges from about 0.1
to 1.0 ug/1 (parts per billion) (Figure 27). It is fair to assume that levels
of PCBs in the Ohio River water would be unlikely to exceed these values
following a spill unless there were substantial turbulence capable of lifting

sediments from the bottom.

Returning to our discussion of how PCB's might enter the river after an
accident on the Route 41 bridge, we --an see that loss of the tanker itself to

the river bottom JoulJ present the best chance for a rapid and inexpensive

"micro", ordinarily abbreviated with the Greek letter mu is abbreviated
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clean-up. Under Low wind conditions, materials dripping from the bridge would
probably also present good clean-up prospects.

"nder high -rfind conditions, some spreading due to the vind could be

expected. Because the wind would break the drippings into small droplets,
additional spreading could occur once those droplets hit the river due to
river currents. Using Stokes Law and assuming a river depth of 28 feet, the
time it would take various sized droplets to sink to the bottom can be calculated.
A droplet 1.0 millimeter in diameter would sink to the bottom in about 32
seconds; a droplet 0.1 millimeter in diameter (Just barely visible to the
naked eye) would sink to the bottom in 53 minutes. These small droplets could
spread some distance even under conditions of relatively low flow. Turbulent
effects on dispersal are discussed below. It is not clear whether droplets
smaller than 1.0 mm could be formed even by very stong winds. Droplets smaller
than 0.1 mm would be extremely unlikely under any conditions.

Therefore, if a spill drips from the bridge under high wind conditions,
pooling is less likely and the area of contaminated sediments could be much
greater. Nonetheless, it appears Likely, given low turbulence, that even this
type of spill could be effectively cleaned from the River using existing
dredging technology.

The analysis presented above only applies to river conditions likely
during summer low flow. Flow rates in the Ohio River are usually much greater
from late fall through early spring. During this time period, the Ohio is
much more turbulent than during summer and may be turbulent enough to transport
sediment long distances. In order to determine whether sediments could be
carried appreciable distances during peak flow conditions, EPA contacted the
U.S. Army Corps of Engineers, Vicksburg Waterways Experimental Station, "'"he
Corps of Engineers has a sophisticated computer model which can predict when
and how far sediments vil I he transported. Results, however, depend on accurate

characterization of baseline conditions, which are prohibitively expensive to
measure, and on the precise location of the modeled spill which would be
entirely arbitrary.

EPA contacted Mark Griese at the EvansviLle Water Treatment Plant to gain
some insight into how a sptiL might "iove in the Hiver. The EW7P reguiarlv



tests the waters of the Ohio for their suspended sedir.ent content . Average
values month by month for 1985 are provided below. Concentrations are in
milligrams per l i ter.

Month Concent rat ion

January 70
February 91
March ' 116
April 143
May 48
June 49
July 18
August 14
September 13
October 15
November 250
December 108

While suspended sediment levels fluctuate rather broadly, peak values In late
fall and early spring are not so great that they suggest massive sediment
mobilization. Previous studies of the Ohio River (Finni 1986) suggest that
one-half to one inch of sllty sediments are deposited in the study area
each year during low flow. These sediments along with very small amounts of
the ancient sandy/gravelly sediments are mobilized during high flow. Ther2fore,
it would appear that at only rarely would a spill to the River be dispersed so
far downstream by turbulence that effective clean-up would be impossible.
However, such an event cannot be ruled out. Sediment mobilization would
depend on numerous factors which are not well known for the study area (ASCE
1975; MacKay et al. 1981)

An additional possibility in which a load of residues might be lost to
the River would be a spill on the River bank which is washed in by rains. The

great affinity of PCB's for soils makes substantial contamination of the River
unlikely by this route. However, the PCB laden particles which do wash in
would probably be carried too far downstream for clean-up to be practical.
These PCB's would add increraentally to the background levels of PCB's already

in the sediments over a Large area in amounts that would be d i f f i c u l t to
de tec t . Nonetheless , they would eventual ly add to the PCB burden of Ohio

River fish, including the larger species consumed by nan. Appendix 9 Lis t s

some existing concentrat ions of PCB's in Ohio River f ish .
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Effects on Drinking Water Supplies

Effects on drinking water supplies will depend on the amount and types of
materials spilled, conditions during the spill, and on the capabilities of the
plant to treat contaminated water. First, it is worth noting that the City of
Waukegan Water Treatment Plant has an Intake near the mouth of Waukegan Harbor.
It Is used whenever the main intake located well off-shore in Lake Michigan is
frozen or is down for repairs or maintenance. This happens every two or three
years. When the alternate intake is used, water is being drawn from Waukegan
Harbor, a body of water contaminated with PCBs. After thorough study of
Waukegan waters, PCBs are always impossible to detect in the finished drinking
water (EPA 1981).

The Evansville Water Treatment Plant uses the same technology that is
used in Vaukegan. However, there is a key difference. Waukegan knows in
advance when it will be drawing on contaminated supplies whereas Evansville
muat test the water in their laboratory day by day. Optional and somewhat
expensive processes (activated carbon addition and removal) must be put
on-line in order to remove PCB's to levels which can not be detected. The
regular treatment process only removes the suspended fractions and would leave
the dissolved fraction in the finished drinking water. In theory, PCB's might
rise as high as their solubility limits in the finished water. This is likely
to be between 10 and 100 ug/1 (parts per billion). In practice, it is difficult
to conceive of conditions under which the level would rise much above 1.0

parts per billion (Figure 27). Typical removal rates without activated carbon
average 91 percent (Versar 1983 Vol. IV).

Therefore, Evansville and other riparian water supplies downstream must
know of PCB contamination in the water before they can prevent all human
exposure. Few of the water supplies downstream have the kind of laboratory
facilities available at Evansville. Even Evansville could not prevent the
first slug of PCB's from passing through to the finished drinking water
because it takes time to run the analyses and put the activated carbon Into
use.
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In cases where PCB concentrations in the water and sedinents ar? below
acute or chronic toxicity Levels, the bloaccumulation and bloraagni*ication
properties of PCBs can result in significant contamination of the aquatic food
chain. One of the most important environmental properties of PC3s is their

tendency to be bioaccumulated by aquatic organisms into their tissues to
levels much higher than in the ambient water. This property results from the
high solubility of PCBs in liplds and their Low solubility in water. There Is
a further tendency for PCBs to be concentrated in animals to a higher level
than levels found in their food. Once consumed, PCBs accumulate and are
neither metabolized nor excreted. This phenomenon is known as biomagnifica-
tion. Fish can hioaccuraulate PCBs directly from water, in addition to uptake
in the food, and in -ost case., direct uptake is more rapid and ^cads to a
much higher accumulation in the tissues. This uptake is initially rapid,
followed by a gradual decrease in the rate of uptake, until a steady state is
approached (42 FR 6532).

Bioaccumulation factors have been determined in laboratory studies for a
variety of freshwater invertebrates and fish, and range from 2,700 in the
phantom midge for Aroclor 1254, to 274,000 in the fathead minnow for Aroclor
1242. Results from field investigations of PCB contamination in fish have
shown bioconcentratlon factors as high as 4,125,000 in the lake trout (EPA
1980).

Bioconcentration and bioraagnification processes can result in fish PCB
body burdens in the parts per million range, when PCB levels in the ambient
water are in the parts per billion range. The U.S. Food and Drug administra-
tion has imposed a PCB residue tolerance limit of 2 ppm for fish Involved in

interstate commerce.

There are numerous reports in the literature of PCB contamination Levels
in fish, but few relate ambient PCB concentrations in water to fish tissue

concentrations (CPA 1977). One reason for this is the difficulty In obtaining
fish that have spent their entire lives In waters of the same PCB concentration,

Areas of -nore concentrated PCB residues near discharges or in the sediments
aay contribute a disproportionate amount of contamination when compared to tne

tine spent in that .irea.



Vieth et al. (1975) analyzed fish from Lake Michigan which were captured

from waters containing 0.01 -0.1 ppb PCBs. Some of the fish were captured
near Waukegan Harbor, where over one million pounds of PCBs were discharged
over a 20 year period (see discussion above). Mean PCB concentrations in the
fish from the Waukegan Harbor area were 2.5 ppm for alewife, and 6.1 ppra for
yellow perch.

An unknown quantity of PCBs was released into Lake Hartwell on the
Savannah River prior to 1977. PCB concentrations in the water column near the
discharge area were 0.04 - 0.1 ppb in 1985. PCB levels in the sediments near
the discharge were as high as 47 ppm. Fish in Lake Hartwell have been monitored
for PCB contamination since 1976, and although PCB levels in the fish are
apparently decreasing, some of the larger fish sampled as recently as the fall
of 1985 contained PCB residues as high as 100 ppm.

The effect on aquatic biota of a PCB spill into the Ohio River near the
UNISON plant is difficult to determine, due to the previously mentioned un-
certainties concerning changes to PCBs when they enter the environment, varying
bioaccumulation and bioconcentration factors, and to what extent the spill is
cleaned up. If a large spill occurs, it is possible that some fish and other
aquatic organisms in the immediate vicinity will be killed due to acute effects
of PCBs. Assuming a rapid response and cleanup action, however, it is doubtful
that significant chronic effects on aquatic organisms would occur, and it is
highly improbable that there would be any adverse impacts to the Sauerheben
Wildlife Area. Since PCBs have a high affinity for organic sediments, and a
very low solubility in fresh water, most PCBs which are not cleaned up would
become bound to sediments (EPA 1984). The degree of binding would be dependent
on the silt fraction and organic content of the sediments. These sediment-
bound PCBs could contribute to food chain contamination via bioaccumulatlon
and blomagnification processes. Bottom dwelling fish such as carp, suckers
and catfish that are in direct contact with and feed within the sediments

t
would be ••he most likely species to be directly affected. Benthic algae (in
shallow areas) and invertebrates could accumulate PCBs from the sediments and
pass them up through the food chain to higher trophic levels and affect sport
fish such as bass, perch and sunfish.
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5.2.2.7 National Analysts - Trucks Carrying Drums of TF-I or TF-X

As noted earlier, the estimated annual transport distance at full capacity
of trucks carrying TF-1 is 977,151 miles *M of trucks carrying TF-X is 996,184
miles. An accident rate will not be calculated for trucks carrying drums
because the rate of leaks caused by accidents for this type of cartage is not
known. The rate of leaking due to accidents is extremely low; the vast majority
of all drums involved in accidents survive without leaking.

For this analysis, th* rate at which incidents (releases of all kinds)
are expected to occur was calculated. Data on hazardous materials incidents
(ORI 1978) indicate that there are 16.5 incidents for every million tons
shipped or 68 incidents for every billion ton-miles. Based on these figures,
the Incident rate for TF-1 and TF-X shipments is as follows:

Annual Incident Rate

Basis TF-1 TF-X

Based on tonnage 0.495 0.505
Based on ton-mileage 1.296 1.321

In other words, based simply on the total weight of materials shipped one
would expect a releasing incident involving either TF-1 or TF-X to happen, on
the average, once per year and one would expect slightly more than half of
then to involve TF-X. Since these materials travel further on the average
than hazardous materials in general, the releasing incident rate based on
ton-mileage statistics is 162Z more. One would expect on this basis about 2.6
releasing incidents per year. Of course the same fraction, 50.5Z, would be
TF-X.

In order to determine the nature of these releases, the HAZMAT data base
(see Section 5.2.2.2) was examined for records of 55 gallon drums involved in
incidents in Kentucky or Indiana between January 1, 1981, and January 22,
1986. There were 346 such incidents.
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The greatest single cause of release was puncture (168 cases). The bulk
of these drums were speared by careless fork-lift drivers during unloading. A
few were punctured when Loads shifted during sudden stops, some of which may
have been unreported traffic accidents. These punctures were caused by having
mixed loads of drums and machinery. Since UNISON lift trucks will not be
equipped with forks (see Section 3.5) and since drums will be tightly packed
on the trucks and no machinery will be present, punctures will be extremely
unlikely.

Fifty-six releases were caused by bottom failures. Most of these had
rusted, the remainder were either dropped during unloading or were damaged
when the cargo shifted. Rusted bottoms are unlikely due to the character of
TF-1 and TF-X and because drums are pressure tested before being refilled.
Nonetheless, if a drum does leak on a UNISON truck, bottom failure could well
be the cause.

The number of incidents involving other causes of failure are tabulated
below:

Number of Incidents Cause

32 Damaged by other freight
29 ' Loose fittings, valves or closures
22 Body or side failure
22 Improper blocking or bracing (cargo shifted,

fell over, etc.)
13 Dropped on handling
13 Weld failure
13 Other, unspecified
12 Corrosion or rust
11 - Metal fatigue
10 Defective fittings, valves or closures
9 Chime failure (broken rim)
5 Improper loading (upside down, on its side or

with heavy freight on top)
4 Internal pressure
3 External heat
2 Loading/unloading
1 Friction (between containers or between

container and vehicle
1 Vehicular -tccident
1 Failure of inner liner



The only vehicular accident occurred on August 8, 1985, in Indiana. The fu l l
contents of two Jrurns were lost when they were damaged by other cargo.

Af te r reviewing these incidents, EPA believes that all of them can be
placed into one of chree categories:

• Those which could not occur;

• Those which night occur at UNISON's unloading docks within the
containment area;

• Those which might occur and be contained by the on-board containment
system of UNISON's trucks (See Section 3.4).

Hovever, this eliminates the possibility of any releases to the environ-
ment, whereas a really severe vehicular accident would surely result in some
release. Since there must be some rate greater than zero at which drum contents
could be expected to be lost to the environment, this analysis will assume
that the single vehicular accident out of the above 346 incidents represents
that rate. This is imprecise, but it will allow some measure of the release
rate.

One out of 346 is a release rate of 0.00289. Multiplying this tines the
incident rate calculated above gives expected release rates for TF-l and TF-X
as follows:

Annual Release Rate

Basis TF-1 TF-X

Based on tonnage 0.00143 0.00146
Based on ton-mileage 0.00375 0.00382
Average 0.00259 0.00264

Using the average value for the purposes of calculation one finds that there
is a 94.945? chance that no TF-l drum will leak to the environment over the
twenty year life of the facility. The twenty year chance that no TF-X will
leak is 94.8502. Conversely, there is a 5.055X chance of one or more TF-l
drums leaking and a 5.150% of one or more TF-X drums leaking to the environ-
ment. The subtle d i f f e r e n c e s between all these values are i l lus t ra t ive only;
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the estimates themselves have Low statistical validity and could easily be
overstated by a substantial margin.

5.2.2.8 Local Accident \nalysis - Henderson County

In order to estimate the chance of an accident at various points along
the routes to be used by UNISON, EPA utilized the resources of the Commonwealth
of Kentucky. Ms. Ana Banta of the Kentucky State Police supplied the location
and other statistics concerning all known accidents in Kentucky since January
1, 1980, along the proposed routes. Mr. Pierson Van Norman of the Kentucky
Transportation Cabinet supplied counts of vehicles for various lengths of the
route.

Vehicle counts were not available for routes 136 and 425. EPA estimated
these values based on area population, land use and vehicle counts at connecting
roads.

Dividing the number of accidents along each segment by the vehicle count
for that segment gave an estimate of the risk Involved each time some vehicle
uses the road. This analysis makes no distinction among various types of
vehicles and it treats cars and trucks the same.

Road utilization by UNISON's trucks depends on the type of load. Approx-
imately 81.91 of all TF-X will come from the north. 81.91 of ail TT-l will
return to the north based on EPA's model of the location of PCB transformers.
All TF-2 will come from the north. About 801 of all residues were arbitrarily
assumed to be traveling to Chicago. More than 801 may actually go north
because Chicago has the nearest incinerator. On the other hand, if that
incinerator becomes inoperable for any reason, all residue will go south. The
80:20 split in residue shipments which EPA has used in all the transportation
models is an attempt to account for periodic down time at the various
incinerators.
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Combining this road usage with the number of trips required by the plant
at full capacity gives the following breakdown on shipments:

North-South Distributon of Track Traffic (number of trucks/yr)

Component Common Route Northern Route Southern Route

TF-1 1540 1260.7 279.3
TF-X 1570 1285.3 284.7
TF-2 45 45.0 0.0
Residues 74 49.2 14.8

Total . 3229 2650.2 578.8

Two types of estimates were made of the risk of local accidents:

1) An estimate of the number of accidents one should expect; and
2) An estimate of the chance of one or more accidents of any given type

or along any given segment.

When the expectation is very low it is the same as the chance. However, as
events become more likely the two estimates diverge because the chance of
something happening can never be greater than one (100Z) while the expected
number of incidents can continue rising. The number of accidents that actually
happen can only be zero, or one, or two or some other whole number. The
expectation is an estimate of how many will occur and usually is some whole
number followed by a fraction. The chance of one or more accidents is the
probability of at least one accident.

Expectations are added together to combine events. Probabilities are
more complicated to calculate. The methods EPA used for this analyses are
described in Ullman (1972). However, a basic understanding can be reached by
considering the simple case of flipping coins. The chance of getting heads on
any one flip is 0.50 or 50X and the expectation is also 0.50. If one flips
two coins, the expectation is 1.0 that one will be heads but the chance of at
least one heads is 0.75. If one flips three coins, the expectation is that
there will be 1.5 heads and the chance of at least one heads is 0.875 or

S7.5Z.
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Appendix 10 shows both the chance and the expectation for accidents on
various segments of the proposed route. The statistics are broken out by type
of Load as well. For example, it is very likely, if UNISON operates at capacity
fjtr twenty years, th.it there will be one or nore accidents involving UNISON

trucks in Henderson County. The chance of that happening is almost 94Z.
EPA's best estimate of how many accidents will occur is 2.8, which is the
"expectation."

Of course, the most likely accidents would involve trucks carrying drums
of TF-l (with no PCB's) or TF-X (with an average of 21 PCB's). These drums
almost always survive traffic accidents without leaking, and large leaks are
exceptionally rare. The chance of concentrated PCB residues being In an
accident In Henderson County Is 6.16Z over twenty years while the expectation
is for 0.636 accidents. Recall from section 5.2.2.1 that only 29Z of tanker
accidents result in spills. About half of those are major spills (more than
1000 gallons).

The segment of Route 41 between Route 414 and the Indiana line Includes
the bridge over the Ohio River, and is of particular concern relative to a

possible spill. EPA attempted to segregate accidents which might occur on the
bridge or its approaches from those on other parts of the highway. However,
variation* in the way officers at the scene report accident locations made
this impossible without going back to the original reports. However, the
number of bridge accidents will certainly be less than the total reported for
the segment north of Route 414. The chance of at least one accident of any
type on that segment is 20.6X but the chance of a tanker accident i.i less than
1Z and the chance of an accident involving residues is about half a percent
(all of these are twenty year probability figures).

There is another way to estimate the possibility of a tanker going off
the bridge into the water. Department of Transportation data (ORI 1978)
indicate that trucks are immersed in water following accidents about 13 times

for every trillion vehicle miles traveled. This figure cannot be used without
qualification. First, it includes small ditches, ponds and streams as well as
major lakes and rivers. As an estimate of Losing a tanker to the Ohio it

would thus overstate the chance. It is also an average figure for all truck



transportation. To this extent , 18 immersions per trillion miles may
understate the true risk..

Despite these ambiguities, simply multiplying the immersion risk by the

twenty-year mileage figures gives numbers of some interest. The ca lcu la t ion
produces the following expectation values:

Twenty-year Expectation of Immersion

Cargo Expectation

TF-1 0.000352
TF-X 0.000359
TF-2 0.000013
Residues 0.000013

Total 0.000737

Based on this and assuming all immersions are to the Ohio, the twenty-year
probability of losing a truck to the River would be 0.07X.

In order to compare t raff ic hazards along UNISON*s routes through
Henderson County with traffic hazards in other parts of the County, within
Kentucky and Nationally, it is necessary to calculate the number of accidents
per 100,000,000 vehicle miles. For each section of road the annual vehicle
count was multiplied by the length in miles of that segment. These were
summed to give 107,600,000 annual vehicle miles along the proposed UNISON
routes. Since the average annual accident rate for all segments combined is
222.14 (see Appendix 10), there are 206 accidents per 100,000,000 vehicle
miles.



This is less than the rate for Henderson County as a whole, which, at 556

per 100,000,000 vehicle miles, is the four th highest in the State of 'Kentucky

(Banta 1986). National averages for various types of road are listed below

(Lynch and Steelraan 1986):

Type of Road Accidents/100,OOP,OOP vehicle miles

Undivided:
2 lanes, rural 200
2 lanes, urban 346
3 lanes, rural 228
3 lanes, urban 164
4+ lanes, rural 267
4+ lanes, urban 442

"' Ided, 4+ lanes'
no access control, rural 169
no access control, urban 395
partial control, rural 93
partial control, urban 196
full control, rural 50
full control, urban 101

5.2.2.9 Local Accident Analysis - Evansville

In order to estimate the chance of an accident in Vanderburgh County at
various points along Route 41, EPA requested help from the State of Indiana.
Computerized traffic accident records and vehicle counts, however, are not yet
available. Indiana's system is currently in a start-up phase and substantial
data like the six year data base for Kentucky does not yet exist. However,
the Indiana State Police were able to supply "rural" accident totals for
1983 - 1985 by township:

Vanderburgh County Route 41 Rural Accidents

Township

Center
Knight
Perry
Pigeon
Scott

Total 113 137 123
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1983

42
23
0
7

41

1984

71
13
0
2

51

198
•̂ «~̂ ^

67
5
1
0
50



Because Route 41 crosses each of Center, Knight and Pigeon townships in TO re
than one place, there was no way to apportion these accidents to any part icular
length of road nor any way to combine them with the t r a f f i c count data.

Inspector James Kleetnan at the Evansville Police Department supplied
accident data for Intersections at various points along Route 41 which cover
the period from January, 1985 through March, 1986. This data is as follows:

Intersection I Accidents
Morgan 33
Columbia 43
Virginia 52
Walnut 40
Lincoln 19
Bellemeade 12
Washington 38
Covert 25
Riverside 19
Southlane 16

Mr. Cliff Ong of the Evansville Urban Transportation Study Group supplied
the following t raff ic counts:

___Location____ Annual Number of Vehicle:

South of I 64 7,059,000
City Limits 7,654,000
North of Pigeon Creek 15,060,000
North of Morgan 16,652,000
North of Oak Hill 12-,648,000
South of Division 13,402,000
South of Washington 9,569,000
North of Bridge 9,746,000

These data were used to estimate the risk of UNISON t raff ic going through
Evansville. In order to account for accidents in between intersections, EPA
sought Inspector Kleemen's opinion on the proportion of such accidents which
would be intersection related. Inspector Kleeman stated that, based on his
experience with the way Evansville Police Officers report accident locations,

his best est imate for the ratio of mid-bloc'* to i n t e r s ec t i on accidents ts 2?.
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He added that 52 would be conservative. EPA has calculated the risk of mid-
block accidents assuming they add another 5% to the number of accidents re-
ported between the State Line and Morgan Street. The vehicle count used for
the mid-block accident rate calculation is the simple arithmetic average of
the other counts used.

In other respects the chance and expectation calculations for Evansville
were made in the sane way as the Henderson calculations reported in the previous
section. Results are reported in Appendix 10. However, the twenty year risk
will not remain meaningful because as soon as Interstate 164 is completed,
UNISON will use it instead of Route 41 through Evansville.

T-- 5.2.2.10 Other Hazardous Shipments

UNISON Is only one of many companies that are involved with shipping of
hazardous materials. This section describes UNISON's shipments in relation to
the other hazardous materials transportation activities.

In the United States, approximately two billion tons of domestic shipments
are by truck each year (DOT, 1977). About one third of all such shipments are
"hazardous" according to the Department of Transportation (DOT) criteria. The
criteria used by DOT to define hazardous materials are similar to those used
by EPA.

<

[ At capacity, UNISON will ship a total of approximately 63,382 tons of
materials per year. This will increase the amount of domestic hazardous
materials being shipped by 9.7 thousandths of one percent. This is, of course,
an extremely small increase. The amount by which hazardous materials shipments
will increase In the vicinity of Henderson and Vanderburgh Counties can be
estimated by assuming current local hazardous materials shipments are proportions
to the Local population. Approximately 9.09% of the United States population
lives in Henderson or Vanderburgh Counties. On this basis, local hazardous
materlaLs shipments will increase by ten to eleven percent if UNISON is aLlowed

to operate.
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5.3 RISK EVALUATION

This section evaluates the risks associated with the exposure estimates

developed in the previous sections (5.1 and 5.2). In evaluating the potential

risks which would nesult if the various scenarios developed in sections 5.1 and

5.2 occurred, EPA considered the magnitude, duration, and the frequency of

exposures which were estimated in these sections against the background of

previous regulatory decisions and TSCA's "unreasonable risk standard."

Under the Toxic Substances Control Act (TSCA), EPA nay authorize

activities involving PCBs "•"'•. raaking a finding that no unreasonable risk of

injury to human health or the environment will result from that activity. In

applying the unreasonable risk standard, EPA balances the magnitude of expected

exposures to humans and the environment (including considerations of the

frequency and duration of exposures) and the potential effects on human health

and the environment as a result of such exposures, against the benefits to

society of the activity and the reasonably ascertainable economic consequences

of prohibiting or otherwise restricting that activity.

In the course of regulating the manufacture, use, processing,

distribution in commerce, and disposal of PCBs, EPA has previously evaluated

potential exposures to PCBs In various scenarios (e.g., PCBs in the workplace,

in ambient air, and in contaminated soil) and made some determinations about

whether certain levels of exposure pose "unreasonable risks." Unless otherwise

indicated, the previous exposure and risk assessments described in this section

used 38.5 years for the duration of occupational exposure and 70 years for

calculation of lifetime exposure.

5-86



Under section 6(e) of TSCA, E?A promulgated disposal regulations (codified

at UO CFR 761) which prescribe criteria for permitting PCS disposal facilities.

These criteria are designed to minimize the potential f~.r, and provide maximal

protection against human and environmental exposure to, ''CB releases during

normal operations and/or accidents. In establishing these criteria, EPA

determined that an unreasonable risk would not result if a disposal facility

operates in accordance with these criteria.

Thus, the criteria for permitting disposal facilities and/or methods

(specifically landfills and incinerators) are intended to require monitoring of

and limits on »he potential rt-Les of PCB release. In permitting a high

temperature incinerator, EPA applies process controls, (e.g., limits upon

emissions from the process, requirements for destruction efficiency of the

process, the requirement of emergency shutoff capability in the event of a

process abnormality, and the requirement for continuous monitoring of releases

and process conditions). In permitting landfills, EPA applies criteria which

are closely tied to the site characteristics (considerations of soil type,

geologlc/hydrologic conditions such as the accessibility of the groundwater and

considerations of historic flood plains, and topography) along with an evaluation

of whether the landfill provides for appropriate leachate collection and

treatment, barriers to public access to prevent exposure, and the prevention

of mixing PCBs with other, incompatible wastes.

For alternative methods of disposal, the regulations require a level "f

performance equivalent to that achieved by EPA approved PCB incinerators and a

demonstration that the alternative method will not present unreasonable risks

to public health or the environment. In permitting an alternative method, EPA

places the same types of process and site restrictions on the method as are placed
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upon Incinerators and landfills under 40 CFR 761. EPA considered the potential

for PCS releases from the normal operation of PCB disposal methods and facilities

and determined that the operation of PCB disposal methods and/or facilities in

accordance with the criteria specified at 40 CFR 761 would not pose an unreasonable

risk of injury to human health or the environment. Therefore, determination

that the disposal method or facility would result in an unreasonable risk to

human health or the environment will be made only if either process or site

conditions of unique environmental significance suggest that the risks from

permitting the process or facility will result in significantly greater risks

than those considered in establishing permitting criteria at 40 CFR 761. Such

conditions include:

1. an unusually high probability of accidental releases due to the process

design or handling procedures; or

2. an unusually high probability of natural disasters or other catastrophic

incidents involving the facility such as earthquakes, floods, tornadoes,

or airplane impacts due to the nature or location of the site.

In this evaluation of the potential risks posed by the Henderson County

UNISON facility, EPA focused upon whether the proposed location of the site v

would result in the second of the conditions discussed above. Thus, any con-

clusions drawn in this section about the risks associated with siting the

UNISON facility at Henderson County, Kentucky, apply only to the siting decision.

When UNISON performs a demonstration of their physical separation process, EPA

will make a separate determination of whether the UNISON physical separation

process poses an unreasonable risk by evaluating whether the operating parameters

of the process result in a level of performance equivalent to a PCB incinerator.
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There is some small probability of incidents such as earthquakes and

tornaaoes associated with any process and/or facility location. While the

Agency did not explicitly evaluate the risks associated with such incidents in

estab .ashing its disposal permitting criteria, it assumed that some probability

of such incidents is present at any site. However, the frequency of such

incidents is, in the overwhelming majority of cases, so low as to be insignificant

to tne Agency's evaluation of the risk associated with the facility's siting

and operation.

As discussed in previous sections of this report, EPA evaluated the

potential exposures associated ••••";h possible, though highly unlikely, catastrophic

incidents as well as the exposures resulting from releases during normal facility

ooerations at UNISON'S proposed Henderson County, Kentucky facility. Our

-valuation of potential exposure, and the probability of each scenario occurring,

indicates that there is no extraordinary characteristic of the Henderson County

site which will result in a greater than average probability of accidental

release, or unusally high exposures in the event of a release. Therefore, the

risk of exposure and injury to the population and the environment of Henderson

County does not differ from the risks implicitly considered in developing the

Agency's general permitting criteria. Consequently, the Agency concludes,

based upon available information, that operation of the UNISON treatment

process at Henderson County, Kentucky, will not result in an unreasonable risk

of injury to human health or the environment.

The following sections compare the potential exposures at the Henderson

facility to (1) the exposures which the Agency determined do, and do not, pose

unreasonable risks in its previous regulatory decisions on PCBs, (2) a PCB risk

assessment prepared by the Agency for its Superfund program, and (3) more
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common risks to which the U.S. population is exposed in everyday li'~».

Although TF-1 components have been less extensively studied than P'~3s, avail-

able public health studies have not indicated any significant public health

problems associated with exposures at the levels reported in this locument.

5.3.1 Comparative risks associated with air emissions from ordinary

operations.

As discussed In section 5.1.1, the expected exposure to PCBs at the

nearest off-site receptor via air emissions during ordinary operation of the

UNISOM facility are several orders of magnitude lower than the PCB levels

established as re-entry guidelines for indoor, workplace air concentrations

following a PCB transformer fire (0.5 mg/m3). Furthermore, these expected

exposures are several orders of magnitude lower than annual exposures associated

with activities which the Agency determined do not pose unreasonable risks in

establishing limits on manufacturing processes which inadvertently generate PCBs.

Exposure scenarios considered in evaluating the risks to workers in such

manufacturing facilities included inhalation exposures to workers downwind of

leaking equipment, and inhalation exposure to mineral oil mist and to spray

paint mist. These exposures were assumed to occur 40 hours per week and found

not to pose an unreasonable risk assuming that those exposures occurred for

38.5 years.

Potential PCB inhalation exposures to individuals in the Henderson County

population are also several orders of magnitude lower than exposures found not

to pose unreasonable risk to populations near manufacturing facilities which

inadvertently generate PCBs. The amount of PCBs to which the people in the

census tract closest to the UNISON facility would be exposed in one year, is

equal to the magnitude of yearly exposure to each individual living downwind of

a manufacturing facility with inadvertently generated PCBs in its air emissions.
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In fact, the yearly exposure to populations in the census tract closest to the

Henderson facility is on the same order of magnitude as the yearly exposures to

current measured ambient air levels of PCBs in urban areas.

5.3.2 Comparative analysis of risks posed by exposures resulting from

accidents on-site

As indicated by the discussion in sections 5.2.1.1 through 5.2.1.7, the

probability of releases due to certain on-site accidents (i.e., earthquakes,

flooding, tornadoes, airplane impact, failure of pollution control equipment,

and fires or explosions) is rare. The probabilities of on-site accidents such

as flooding, tornadoes, failure of pollution control equipment, and fires or

explosions seem to be no greater at the Henderson facility than the average

probability of such incidents. While probabilities of other on-site accidents

(i.e., earthquakes, and airplane impacts) are slightly greater than average at

the Henderson County site, these probabilities are not substantially higher

than those assumed by the Agency in establishing the PCB disposal permitting

criteria. Despite the improbability of catastrophic on-site accidents, we have

performed a conservative evaluation of the exposures and risks associated with

such accidents.

The results of these analyses indicate that, while the exposures resulting

from such incidents can be greater than the exposures associated with ordinary

operation of the facility, the exposures and resulting risks are lower than

those the Agency has previously found do not warrant regulation because an

unreasonable risk to human health or the environment will not result.

5.3.2.1 Earthquake

»•< stated in section 5.2.1,u, there is no possibility that an earthquake

of the magnitude and character necessary to cause damage to the facility such

that releases could not be contained within the immediate area of the facility
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EPA and UNISON will probably apply a decontamination standard closer to non-

detectable levels of PCBs. Additional measures may be required to mitigate on-

site, worker exposures to residual contamination (i.e., cleanup to detectable

levels, capping the spill area, protective clothing for workers, or some

combination of these approaches) depending upon the size of the area contaminated

and the characteristics of the soil. Therefore, releases which nay result in

the unlikely event of a single tornado can be controlled and subsequently

decontaoined to safe levels through existing cleanup methods.

Section 5.2.2.6 indicates that only a simultaneous occurrence of two

tornadoes would cause damage sufficient to pose unreasonable risks, and that

the probability of such a double tornado strike is estimated to be one in one-

hundred million. Due to the extremely low probability of occurrence, operation

of the UNISON facility in Henderson County cannot be determined to pose

unreasonable risks based upon the risk associated with « double tornado strike

Involving the UNISON facility.

5.3.2.4 Airplane crash involving the facility

In section 5.2.2.7, it is estimated that the probability that an airpl?:

accident at the facility which is of sufficient magnitude to cause damage

greater than minor leaks and spills which will occur during twenty years is less

than thirty in one million. Even though this is an extremely low probability

of occurrence, the Agency did look at the exposures and risks which could

result from such a high-velocity, high-angle impact airplane crash. For the

purposes of the analysis, EPA made an even more conservative assumption than

warranted by the probability estimates by assuming that on* such plane crash

would occur during the twenty years the UNISON facility is in operation.
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5.3.2.1.1 PCS exposures at all phases of a high angle, high velocity

airplane crash

Worst-case ?CB exposure estimates at all phases of the plane crash, as

described at section 5.2.2.7, would result in no significant lifetime cancer

risk. Even if the event occurred once in twenty years, the short duration of

exposure (zero minutes to 72 hours) would make the lifetime dose associated

with such an event equivalent to, or less than, the dose associated with ordinary

operations as discussed at section 5.3.1.

5.3.2.4.2 Exposure to soot components other than PCBs at Phase II of a

high angle, high velocity airolane crash

This analysis is based on the worst-case assumption that the components

of the soot would be present at the sane ratios as in the soot resulting from

a PCS transformer fire. EPA evaluated the comparative exposures to possible

incomplete combustion products in the soot resulting from a PCS transformer

fire.

Further, the potential for a fire or explosion-related incident, and the

magnitude of exposures in the event of an incident, would be mitigated by the

presence of trained personnel and the operating procedures at the facility.

Even in the case of transformer fires where the potential risks are orders of

magnitude higher than for this Henderson scenario, EPA did not require phaseout

of transformers in industrial facilities or electrical substations because of

the additional controls generally placed on such equipment and the presence of

trained personnel. Similarly, in the event of a fuel fire which results from

an airplane crash into the facility, the soot would probably be dispersed into
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ambient air rather than causing extensive contamination of the building.

EPA also recognized the risk-mitigating conditions inherent to PCB transformer

fires in outdoor settings, and excluded outdoor PCB transformers from the

phaseout requirement. Given the significantly lower level of exposure associated

with a fuel fire due to a plane crash at the UNISON facility, and the improbability

of such an event, an unreasonable risk would not result.

5.3.2.5 Pollution Control Equipment Failure

In the unlikely event that UNISON'S pollution control equipment fails,

and that several employees are severely negligent within the same frame of

time, it was estimated that large releases of TF-1 containing 0.0021 PCBs could

continue for a duration of one week. Based on the assumption that such an

event would occur once a year for 20 years, and that the same people would be

downwind of the facility for the duration of all twenty such incidents, EPA

evaluated the exposures to people downwind of the facility. The expected

lifetime exposures and risks would be several orders of magnitude lower than

those which the Agency has previously found do not pose an unreasonable risk

(see discussion at section 5.3.D.

5.3.2.6 Fire or Explosion Related Releases

As indicated at section 5.2.1.3, the possibility of a fire or explosion-

related incident involving PCB residues would be extremely remote, if not

impossible, due to expected operating procedures at the UNISON facility and

the nature of the materials in the facility. Should such an incident occur, it

is not likely to be of a greater magnitude or duration than is hypothesized for

a potential fuel fire resulting from an airplane crash (see discussion at

5.3.2.4). Therefore, the Agency would not find that the Unison facility poses
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an unreasonable risk based upon the possibility of such ar, incident.

5.3-3 Transportation Related Incidents

It was concluded in section 5.2.2.2 that one transportation related tanker

spill is expected to occur in 20 years, and that there would be a 50J chance

that such a spill would involve PCB residues as opposed to TF-2. Given these

probabilities, EPA evaluated potential exposures assuming that the one spill

would occur in a residential area or a water supply. Of course the probabilities

associated with each of these transportation scenarios is lower than the probabilit

that a spill of PCBs will occur during the twenty years of UNISON'S operation.

5.3.3.1 Residential Spill

EPA evaluated a worst-case scenario assuming that the largest possible

amount of residues was spilled on hot pavement in a residential area. Exposure

to initial concentrations of PCBs and any vapors would be limited to a maximum

one hour response time (time to cover the spill area in order to mitigate

inhalation exposure). In such a case, emergency response personnel would be

subject to the greatest potential exposures. Assuming that emergency response

personnel do not wear respirators, the resulting exposures would be less, by

one to two orders of magnitude, than those found not to pose an unreasonable

risk to workers in manufacturing facilities which inadvertently generate PCBs

(see discussion in section 5.3.D. Further, the doses associated with exposure

to cleanup personnel are lower than those associated with the 10 day acute

health advisory levels established by EPA's Office of Research and Development

(ORD). All other exposures to observers and surrounding populations would be

one to two orders of magnitude lower than for emergency response personnel, and

three or four orders of magnitude lower than those found not to pose an
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unreasonable risk to populations downwind of a manufacturing facility emitting

PCBs at 10 ppm (at the point of emission). Available studies indicate that

the levels of organic vapors within one hundred meters shortly after a large

spill from a PCB residue or TF-2 tanker truck would result in eye and

respiratory Irritation. Direct contact with the spill material would result

in skin irritation (dermatitis). Such effects from a predicted worst case

spill are believed to be reversible with no long term adverse health

consequences.

5.3.3.2 Spills into Water Supply

As discussed in section 5.̂ .̂ .6, it is difficult to accurately estimate

the potential exposures and risks associated with transportation related spills

into water supplies. It is true, however, that given the tendency of PCBs to

bind to sediment, only a small percentage of the PCB? spilled will actually be

carried in the water. Further, any PCBs not bound to the sediment initially

can be separated out by a water treatment facility prior to entering a drinking

water supply. Any dissolved PCBs would also tend to be dispersed by the .flow

of the river, so that individual ingestion exposure to PCBs (either through

contaminated fish or through drinking water) should be mitigated.

Additionally, the possibility that a transportation accident will actually

result in the release of PCB into water Is mitigated by the containment of the

fluids (either in drums or tanks cars). As indicated in section 5.2.2.7, even

if a tank containing PCB residues overturned into the river, the tank will

probably be dredged up before any appreciable release of PCBs into the water occurs.

Section 5.2.2.8 provided estimates of the probabilities that a transpor-

tation spill involving PCB residues would occur on or near the bridge (0.52*)

and the ;:-obab i lit/ tu.at a truck carrying PCB residues would overturn
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into the Ohio River (0.071 or seven in ten thousand) in twenty years. The

probability that a transportation spill involving PCB residues will contaminate

water supplies is most likely somewhere between those two probabilities.

In short, while the uncertainties associated with a possible spill of PCS

residues into a water supply are certainly a factor in considering the potential

risks associated with the UNISON facility, these uncertainties are of no greater

magnitude at the Henderson site than the generic possibilities of such incidents

which were considered in developing EPA's disposal regulations. These prob-

abilities could.be compared to the one in ten thousand chance that a person

living in the U.S. will suffer a fatal accident in the home.

5.3." Benefits of the Unison Facility

While the Agency's evaluation of the risks posed by the various scenarios

discussed above show the probability of such PCB exposures and the potential

risks posed by such exposures to be low enough to allov a finding of no

unreasonable risk on a pure risk basis, it is important to consider the benefits

of the UNISON process. The disposal of PCB residues at UNISON'S proposed

Henderson, Kentucky facility will reduce the overall risks posed by existing

PCBs by allowing the reduction of PCB concentrations in in-service transformers

while generating less PCB wastes, and at a lesser cost, than if new TF-1 were

used in each retrofill operation. Further, the reduced generation of PCB wastes

will leave existing incineration capacity and other permitted disposal capacity

free for the'safe disposal of high concentration PCB wastes.

5.3.5 General Conclusion About the Potential Risks Associated with the

Proposed UNISON Facility at Henderson. Kentucky

Based upon the exposure analysis and the considerations discussed above,

EPA concludes that the UNISON site at Henderson will not pose an unreasonable
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risk of Injury to human health or the environment, assuming that the types of

risk-mitigating criteria which EPA applies to PCS incinerators are found to be

met by the UNISON disposal process. EPA will separately determine whether or

not routine process operations pose an unreasonable risk (e.g., whether the

process achieves adequate separation of PCB residues and meets restrictions on

emission levels). This determination will be based on observation of, and

analytical results from, an actual demonstration of the UNISON physical

separation process.
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6.0 SOCIOECONOMIC EFFECTS OF THE FACILITY

Construction and operat ion of the UNISON Transformer Recovery Center in
H e n d e r s o n C o u n t y , K e n t u c k y wi l l have na t iona l is wel l as local economic b e n e f i t s

The bulk of the b e n e f i t s will accrue to t ransformer owners. U N I S O N ' s customers

will save an average of 30-402 versus the total cost of replacement of a
t ransformer . Customers savings will range f rom $11,000 to $83,000 per PCB
transformer. If UNISON's target service level of 5,000 units per year is met,
annual savings, nationally, are likely to be in the range of $100 million.

Other potential benefit?? include:

• Risk reduction, sin>_c che PCB's are removed from operating transformers;

• Avoidance of long-term landfill liabilities, since reclasslfylng a
transformer to non-PCB status eliminates disposal of a PCB filled
transformer carcass at the end of its service l ife;

• Less disruption of service due to shorter down time;

• Full utilization of investment process offers Improved transformer
performance, and abili ty to repair the unit and reclaim mate r i a l ; and

• Financial flexibility, since customers can capitalize or expense the
costs of service

Locally, construction and operation of the Recovery Center will contribute
to the economy of Henderson County, Kentucky. Construction of the proposed

project will result In an estimated $3,500,000 expenditure for equipment,
labor, and installation of the facil i ty. During operation the fac i l i ty will

employ 20 people initially and 30 at capaci ty with an annual payroll of
$550,000 and $875,000, respectively. At capacity the following annual expend-

i tures are anticipated:
Taxes $90,000

Local Purchases 360,000

Local Services 465,000

Util i t ies 475,000
Tota l S I , 3 0 0 , 0 0 0

These b e n e f i t s m u s t be weighed against the env i ronmenta l and public

e x p < i m i re e f f e c t s as Jescr ibed in the o t h e r s ec t i ons of this r epor t .



7.0 MITIGATION

This section describes some of UNISON's efforts to reduce the chance of
accidents and to Lessen the impact of accidents that -nig-it >>ccur Respite

precautions. It also describes efforts UNISON might make if EPA determines in

its continuing study of this project that additional mitigation is required
and practical.

Much of UNISON's mitigative efforts have been described in other sections
of this report. Measures which would tend to reduce the chance of transporta-
tion related spills and lessen their impacts are noted in Section 3.5. UNISON's
air pollution control system is described in Sections 4.1.3 and 5.2.1.2. Many
of the measures to be used inside the plant cannot be discussed in detail Hut
are noted generally in Sections 3.7 and 5.2.1.3.

Additionally, UNISON has prepared and submitted to EPA a comprehensive
Spill Prevention, Control and Countermeasure Plan and a Health and Safety Plan
for the facility detailing how numerous contingencies would be handled and
describing equipment UNISON has to carry out the plans. They also have a leak
detection program which describes how the plant will be frequently and
systematically examined for signs of leakage. This program is described in
the air permit application which has been submitted to KDEP.

UNISON's plans for dealing with various emergencies include isolation,
containment and evacuation strategies and responsibilities of emergency
coordinators. UNISON's plans call for working with local officials and
emergency response personnel to make sure area emergency management teams have
the equipment, training and contingency plans they might require.

7.1 ADDITIONAL MITIGATIVE MEASURES CONSIDERED BY EPA

EPA has considered requiring UNISON to take additional mitigative
measures i.i three areas to:

• Lessen the risk to the EvansviLle water supply in the event of a
bridge accident;



• Lessen the risk of traffic accidents generally, and;

• Lessen the long term environmental impact of leftover TF-1 when the
facility is decoromissloned.

These will be discussed in turn.

7.1.1 Water Supply Contamination

As noted in Section 5.2.2.6, the travel time between a spill at the Route
41 bridge and the potential appearance of PCBs at downstream water supply
intakes depends on the rate of flow in the Ohio River. Flow rates range from
almost undetectable, when the river is pooled, up to five or six miles per
hour at flood stage. At flood stage, travel time from the bridge to the
Evansville water intake could be less than one hour (Figure 28). If the
Evansvllle Water Treatment Plant is notified within a few minutes of an
accident, there will be no danger to the water. According to Mr. Mark Griese
of EWTP, raw water intakes can be closed within approximately five minutes of
receiving warning. Activated carbon can be brought on-line in less than two
hours. More than enough reserve (stored) capacity exists to supply the city
while the intakes are closed and the activated carbon is brought on-line.

However, there is no guarantee that EWTP would receive timely notification
of an accident. It is unclear how long it might take under worst case conditions
to identify a truck lost to the River, or how long after that it might be
before downstream water users would be alerted.

In order to eliminate the risk of late notification, EPA is considering
requiring that, during periods of high flow, UNISON notify EWTP each time a
tanker of residues leaves the facility on its way to Chicago notify EWTP again
when the tanker has safely crossed the bridge. Then, if the second notification
is not received within a certain period of time, the Intakes could be closed
until it could be determined that PCBs had not been lost to the River.



7.1.2 Traffic Accidents

EPA is considering two types of mitigation in connection with traffic
' accidents. One would reduce the chance of an accident occurring and concerns
I risks related to transport over icy or snowy roads. The other would reduce

the impact of an accident should one occur and concerns keeping innocent
i by-standers away from accident scenes.

I
The local traffic accident analysis presented In Sections 5.2.2.8 and•

5.2.2.9 was based on accidents occurring in a variety of weather situations.
A dlsproportlonale number of accidents occurred during bad weather, especially
ice and snow. Such conditions may make travel by UNISON trucks unreasonably
dangerous and would require mitigative measures.

Of the 1403 traffic accidents studied in Henderson County, 155 (112)
occurred on snow covered roads. The northern-most two miles of U.S. 41 in
Henderson County were especially likely to be the scene of snow-related
accidents. Of 228 accidents along that stretch, 52 (23!) were on snowy roads.
These accidents occurred only on 1.22 of the possible davs. The worst of these
was the morning of November 13, 1984, when, during a one hour period, there
were fourteen separate accidents involving a total of forty-six vehicles
either on or near the U.S. 41 bridge. Only one of these accidents was fatal.

According to Major Rick Rilev of the Henderson Police Department, the

>>^ bridge is watched closely by both state and local authorities during cold
weather and is salted immediately when it snows. Nonetheless, sufficient
resources do not exist to prevent snow from accumulating from time to time on
area roads. Snows of one inch or more occur on the average about four times
per year. As a alligation measure, EPA is considering prohibiting UNISON from
operating its trucks when the roads may be slick with ice or snow.

The second mitigative measure EPA is considering in connection with
traffic accidents is intended to reduce the impact of possible accidents on
innocent by-staaJeci. As acted in ^octLon 5.2.2.3, nost of UNISON's trans-
portation routes within Henderson and Vanderburgh Counties pass through urban

areas. In -nany places, residential development lies astride the route, in



other places there are busy shopping and commercial districts. If there were
an accident at one of these locations and PCBs or other hazardous materials
spilled onto hot pavement, there is a substantial likelihood that nearby
pedestrians would ->e exposed to relatively high doses of vapors. Moreover,

accidents in densely populated areas often attract crowds of curious on-
lookers.

EPA believes it is important to minimize the exposure of such persons.
CPA is considering requiring that UNISON, in its training seminars for local
emergency response personnel, include an assessment of the potential for
by-stander exposure and a discussion of available technical means for
minimizing that exposure. EPA is further considering requiring that UNISON
conduct a public information campaign designed to educate the public regarding
appropriate responses to spills they nay observe or be near.

7.1..3 Ultimate Fate of TF-1

When the Henderson facility is decommissioned, any TF-1 remaining in
existence will cease having its original purpose. It may have some use in
connection with another facility either in the United States or elsewhere. It
may be used simply as a transformer dielectric fluid. It may also have no
practical use and require disposal.

This last possibility is of concern to EPA. As a liquid, current law
(RCRA, Section 3004(c)) does not allow TF-1 to be landfilled. However, it
could be adsorbed on some sorbant and containerized. In this form it could be
landfilled.

Under Kentucky law, adsorbed TF-1 would fall into the category of special
or industrial waste. As such, it could not be landfilled without a special
permit. Current Kentucky policy strongly discourages landfilling of adsorbed
solvents. However, under special circumstances, it might be allowed. Moreover,
nothing in Kentucky law could prevent TF-1 from being landfilled elsewhere.



Although regulations in effect at the time would govern TF-1 disposal and
these regulations may be stricter than those in force now, EPA need not rely
on anticipated developments in the law. EPA can condition UNISON's permit

with limitations on Land disposal of TF-l.
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8.0 PUBLIC INVOLVEMENT

The purpose of this section of the report is to describe the actions
taken to date to inform and involve the public regarding this project.
Actions initiated by UNISON, the Henderson County Board of Zoning Adjustment,
the State of Kentucky, and EPA are presented.

8.1 ACTIONS BY UNISON

The following is a list of activities in which UNISON/Union Carbide
personnel have participated in efforts to inform the public about the proposed
project.

Date Activity

August 6, 1985

August 7, 1985

August 22, 1985

August 27, 1985

August 27, 1985

August 28, 1985 to
September 1, 1985
(4 sessions)

August 29, 1985

September 10, 1986

September 20, 1985

October 16, 1985

Presentation to the Henderson Economic
Development Council.

Presentation to media representatives.

Presentation to Henderson Rotary Club.
Presentation to Henderson Downtown
Merchants Association.
Presentation to Henderson Industrial
Association.

Participated in WSON radio call-in talk
show.

Presentation to Henderson Lions Club.

Participated in Henderson County Board of
Zoning Adjustment public hearing. Made
presentation and answered questions.

Presentation to Evansville Sertoma Club.

Presentation to Business and Professional
Women's Club.

Participated in Henderson County Board
of Zoning Adjustment public meeting.

Participated in Henderson County Board
of Zoning Adjustment public tneeting.
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October 17, 1985 Press conference announcing UNISON's
decision to locate at the Riverport
Industrial Park.

December 2, 1985 Attended U.S. EPA, Region IV public meeting.

December 13, 1985 Attended Kentucky Department of Environmental
Protection public meeting on the air
construction permit.

December 19, 198S Ground Breaking Ceremony.

March 12, 1986 Presentation to Kentucky Environmental
Quality Commission.

April 29, 1986 Presentation to Henderson County Lions Club.

8.2 ACTIONS BY THE HENDERSON COUNTY BOARD OF ZONING ADJUSTMENT

The only major local permit required for this project vas given by the
Rtnderson County Board of Zoning Adjustment. Prior to issuance of this permit,
the Board held public hearings in four sessions from August 28 to September 1,
1985. Additional public meetings were held by the Board on September 20,
1985, and October 16, 1985.

8.3 ACTIONS BY THE KENTUCKY ENVIRONMENTAL PROTECTION CABINET

A Public Hearing was held on the state air construction permit on December
13, 1985 in Henderson, Kentucky. Several hours of testimony were received.

8.4 ACTIONS BY THE UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

On December 2, 1985, a public meeting was held by the EPA in Henderson,
Kentucky, to learn public concerns so that they could be used as a guide for
development of the Scope of Work for this report. EPA has also solicited and
received written comments on the proposed project. The following is a summary

of the issues raised at this hearing and in correspondence.
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I
• Characteristics and Effects of TF-1: UNISON's use of Confidentiali ~~~~"~̂ ~~̂ ~~~~1 ~̂~~"̂ ~~~"~~~"~~~~~~~~~~~~~~

Business Information procedures to maintain secrecy concerning trie

i constituents of TF-1 was a great concern to many speakers. A strong
' belief was expressed that the lack of disclosures was prevencin? the
' public in the local area from fully understanding the risks associated

with the plant.

• Risks of Contamination of Public Water Supply Systems; Several
comments were made expressing concerns about the contamination of
drinking water supplies downstream from the plant site. Fear was
expressed about PCB's entering the Ohio River from the plant site and
from a transportation accident on the Ohio River Bridge. Several

^__ muuj.w4.pal officials -..pressed cor-«rn over the potential need for
alternate sources of water supply.

• Risks Associated with Transportation; Many speakers raised the issue
of the safety of major transportation routes in the area and the
possibility of a tanker truck accident. A spill of PCB's or TF-1
along a high density population area was of concern. Other speakers
argued that extensive transportation of PCB's and other hazardous
materials was already occurring in the area with no significant
adverse effects.

• Proximity of New Madrid Earthquake Zone; The possibility of an

^" earthquake along the New Madrid fault line leading to a plant accident
was a serious concern to several commentators. Liquefaction of the
area soils and the potential consequences were raised as an issue.

• Other Concerns with Accidents: There was concern for accidents other
than those associated with transportation and earthquakes. Fires,
faulty equipment, on-site spills, normal maintenance and operating
procedures were all seen as potential causes of accidents.
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• Emergency Clean-up and Response Procedures; The suitability of
notification procedures in case of on- or off—site accidents, the
ability of local fire departments to respond to emergency situations,
the existence of appropriate spill clean-up plans and financial re-
sponsibility in case of accidents were raised.

• Risks Associated with Normal Plant Operation: The major public
concerns associated with normal plant operations included toxic air
emissions and impacts to ground and surface waters from incidental
spills.

• Construction of the Plant Before Completion of An Assessment: Several
speakers expressed concern that UNISON was about to proceed with
construction of the facility before the agency determined if there
would be any unreasonable risks. Several speakers believed it would
be very difficult to deny a permit to operate once a 10 million dollar
facility was in place.

• Applicability of the Resource Conservation and Recovery Act (RCRA);
Several speakers requested the agency to apply RCRA as a tool to stop
construction of the plant and to Insure safer operating procedures.
There was a great deal of confusion as to why RCRA had not previously
been applied to the regulation of PCB's. The applicability of RCRA to
TF-1 was also addressed.

• Alternatives to the Proposed Henderson Project; Several alternatives
were available for both plant processes and location. The existence
of more proven processes and the perceived greater safety of a mobile
rather than a fixed facility were discussed. Many commentators also
expressed concern about the facility being so close to a major river.
Location alternatives in a more isolated area were favored by many.
Safety factors regarding the proximity of the facility to the local
airport were also mentioned as were the benefits of locating near an
existing PCB incinerator.



• • Benefits to the Local Economy: Some speakers expressed the view that
the facility would be good for the local economy by providing jobs and

an increased tax base. Other speakers argued that the increased
number of new jobs would not be significant to the local economy.

• Risks Associated With PCB's; The fact that PCB's are not a proven
carcinogen was raised at the hearing. Some speakers argued that the
relative risk of PCB's was not that great when compared to other
common hazardous substances.

>

• Risks Associated With Dioxina and Dibenzofurans; Concern was expressed
about potential danger from dioxins and dibenzofurans that could be
formed by heating PCB's during normal plant operations or in case of
fire.

• Appropriate Mitigative Measures; Some speakers expressed the hope
that the study would recommend appropriate measures which could be
taken to insure plant safety.

• Concern for Wildlife Areas; Speakers questioned the potential impact
of the project on sensitive wildlife habitats in the area.

A mailing list was prepared for this project consisting of local public
officials in the project area and ail citizens who either attended EPA's
public meeting or wrote us about the project. A copy of the issues raised at
the public meeting and other materials were sent to everyone on the mailing
list along with a copy of the scope of work for this Public Health and Environ-
mental Exposure Assessment. Four repositories have been set up in the project
area containing copies of public hearing transcripts, permit applications, and
related material from EPA's project files.
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9.0 PROPOSED EPA ACTION

Based upon a review of UNISON'S permit application and the material
presented in this document, EPA has made a preliminary determination that
operation of the proposed facility at the UNISON site in Henderson will not
pose an unreasonable risk 01" injury to human health or the environment.
This determination is made based on the imposition of certain Conditions of
Authorization which are listed below. If these conditions of authorization are
violated. TSCA prescribes a civil penalty system with fines of up to $25,000
per day per violation.

EPA has also authorized the initiation of the test demonstration in late
August. This test will determine whether the process operations achieve
adequate separation of PCB residues and meet required emission levels.
EPA's final decision on authorization of plant operation will be based on
the results of the test demonstration as well as the comments received on
this Draft Public Health and Environmental Exposure Assessment.

The Draft Conditions of Authorization are as follows:

1. Advance Notification| A non-confidential written notice, to be
received by the addressee no less than thirty days, and no more than one
hundred eighty days prior to the conduct of a permitted PCB disposal activity,
shall be provided to: the appropriate EPA Regional PCB Coordinator, the
appropriate State Agency, and appropriate local town/city/county government
official(s). The content of the notice shall be at a minimum:

(1) The nature of the PCB disposal activity.

(2) The exact location(s), such as street address of a facility
(or, if there is no street address, plant site location with a
telephone contact such that exact location(s) may be determined
by telephone Inquiry).

(3) The exact time(s) and date(s) the treatment will take place.
When changes in these tlme(s) and date(s) are expected, these changes
must be made immediately by telephone to the appropriate officials
(as indicated above) and followed by written notification of the
changes such that the revised times shall still be at least thirty
days following receipt of the written notificaiton.

2. Other Permits/Approvals; Permittee must obtain all necessary
environmental approvals and/or permits from the appropriate Federal,
State and local agencies prior to the treatment of PCBs at any site.

3. Limitation of Treatment Matrix* System will be permitted to treat
only the type of material successfully demonstrated to EPA.

4. Limitation of Matrix PCB Concentration: PCB concentration of the
fluid mixture in tne process vessel is limited to the highest levels
successfully treated during the process demonstration.
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1 Prior to treatment, samples of the treatment matrix (feedstock)
I must be obtained and analyzed by the Permittee using gas chromatography

procedures specified in EPA approved procedures outlined in the following
documents:

' "Guidelines for PCS Destruction Permit
I Applications and Demonstration Test =lans",

EPA Contract No. 68-02-3938, April 16, 1985:

"Recommended Analytical Requirements for PCS Data
Generated On Site During Non-Thermal PCB Destruction

| Testa". USEPA, December 12. 1985 (Draft);

> "Quality Assurance and Quality Control Procedures
for Demonstrating PCB Destruction in Filing for
PCB Disposal Permit", USEPA, June 28, 1983
(Draft); and

"Interim Guidelines and Specifications for
^_- Preparing Quality Assurance Project Plans:

QAMS-005/80, Office of Research and Development,

5. Quality Control: A sample of treated material must be drawn,
and analyzed in duplicate by gas chromatography for the concentration of PCBs
after the treatment at the site where the PCB disposal process is being used.
If the concentration of PCBs in the treated sample is 2 ppm or greater, the
treated material must be reprocessed and reanalyzed to show less than 2 ppm
per peak before the next batch is treated.

6. Processing Time Limitation: If the quality control testing, as
described in Condition (5), reveals that the PCBs have not been adequat-ly
removed after repeated processing (not to exceed three times the estimated
theoretical time necessary for complete reaction), the facility shall cease
operation. The facility operator must notify the PCB Disposal Site Coordinator
in EPA Region IV immediately and file a written report with that region
within seven (7) days. The facility shall not resume operation until the

•_ problem has been corrected to the satisfaction of the appropriate EPA region.

7. Operations Log/Recordkeeplng; Provisions must be made to assure
that the following process elements are suitably monitored and recorded for
each batch processed, such that materials harmful to health or the environ-
ment are not inadvertently released:

a. name, address, and telephone number of the disposal unit
operator and supervisor;

b. the name and business address of the person or firm
whose PCB-containing material is being processed;
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c. the location, manufacturer, rated capacity and
identification (serial) number of the transformer, heat
transfer system or hydraulic system, as appropriate;

d. the date the PCB material is received by Permittee,
the date(s) processed, and the date returned to the
,-jvody jf ii-.e owner .«.:" appiicacle' ;

e. estimated quantity and quality of feed material charged
into the reactor;

f. estimated quantity and quality of treated materials
and wastes produced;

g. date, tin* and duration of treatment per batch or system;

h. a copy of the gas chromatrograph and/or other records
from tests conducted to determine the final concentration
of the treated material;

1. estimated quantity and quality of wastes produced;
the method of disposal and location of the disposal
facility for each waste should be documented; and

j. temperature of reaction in at least one-half hour intervals.

Disposal recordkeeplng documents must be compiled within 60 days of
the testing date, must be kept at one centralized location, and must be made
available for inspection by authorized representatives of the EPA. Such
documents shall be maintained for at least five years. Permittee must also
maintain the records required by UO CFR 761.180(f). If Permittee or its
authorized agents terminate business, these records or their copies must be
submitted to the Regional Administrator, Region IV.

8. PCB Releases; In the event Permittee or an authorized facility operator
of the disposal facility unit believes, or has reason to believe, that a
release has or might have occurred, the facility operator must inform EPA
Region IV by telephone immediately.

A written report describing the incident must be submitted by the
close of business of the next regular business day following the incident.
No PCBs may be processed in that facility until the release problem has been
corrected to the satisfaction of the EPA Region IV.

9. PCB Spills: Any spills of PCBs or other fluids at the facility site
or related to transportation of materials offsite shall be promptly controlled
and cleaned up as provided in the Permittee's spill prevention plan, and in
accordant:- with the PCB spill cleanup procedures of EPA Region IV. In addition,
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a written report describing the spill, operations involved, cleanup actions
and changes in operation to prevent such spills in the future must be submitted
to E?A Region IV within seven (7) business days.

PCS spills must be reported in accordance with the PCB spill reporting
requirements prescribed under (311 of the Clean Water Act for discharges to
navigasle waters and under the Comprehensive Environmental Response, Compensation,
and Liability Act (Superfund) for.discharges to other media.

10. Safety and Health; Permittee must take all neceasary precautionary
measures to insure that operation of the disposal facility la in compliance
with the applicable safety and health standards, as required by Federal,
State and local regulations and ordinances.

11. Facility Security; The disposal facility shall be secured (e.g.,
fence, alarm system, etc.) to restrict public access to the area. Any bodily
injury occurring as a result of the PCB disposal process must be reported to
the PCB Disposal Site Coordinator in EPA Region IV the next regular business
day.

12. Reporting of PCB Incidents; Any reports required by conditions (6),
(8), (9), and (11) are to be submitted by telephone to the appropriate regional
PCB Disposal Site Coordinator within the time frame specified. In addition,
Permittee shall file written reports with the Regional Administrator of EPA
Region IV and the Director of the Office of Toxic Substances within the time
frame specified in the aforementioned conditions.

13. Personnel Training; Permittee shall be responsible for ensuring that
personnel directly involved with the handling or disposal of PCB—contaminated
fluid using the disposal process are demonstrably fan!liar with the general
requirements of this approval. At a minimum, this must include:

a. the type of materials which may be treated using the
PCB disposal process, and the upper limit of PCB
contamination which may be treated;

b. basic recordkeeping requirements under this approval
and the location of records;

c. notification requirements;

d. waste disposal requirements for process and by-product
wastes generated during the operation of the PCB disposal
process; and

e. reporting requirements.
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In this regard. Permittee must maintain on-site during the operation
of its separation facility, a copy of this approval; the spill prevention and
claanup plan; and sampling and analytical procedures used to determine °C3
concentrations ir. untreated and treated materials.

1U. PC? Transport Limitation: Untreated PCB fluids may not be
transported Ji'i-site of the disposal facility. Process equipment ̂ .̂ .,
reactors, pump hoses, etc.) must be decontaminated in accordance with
procedures described in Permittee's permit application and test plan, prior
to transporting off-site. PCB-contaminated equipment iust ^e transported i-
accordance with 40 CFR Section 761.40 and the U. S. Department of Transportation
(USDOT) requirements of Title 49, CFR Part 172, including placarding and
labelling all PCBs.

15. Process and Pollution Control Maintenance and Inspection:
Procedures must be followed in accordance with information provided in permit
application/demonstration plan, including periodic replacement of pollution
abatement parts (e.g., filtersj.

16. PCB Waste Disposal Requirements; All wastes generated by the PCB
disposal process other than the successfully cleaned material, (e.g., filter
media, sludges, water or other effluents) must be disposed of as if it contains
the original PCB feedstock concentration. EPA will consider amending this
condition only after such waste has been fully characterized to determine
all components, and gas chromatography analysis of the waste demonstrates that
the PCB concentration is below 2 ppm.

17. Financial Assurance: Permittee shall incorporate financial
assurance of closure and liability coverage provisions into its closure plan.
These provisions must be equivalent to those specified in UO CFR Part 264,
Subpart H of the Resource Conservation and Recovery Act (RCRA), and provide
funds for:

a. proper closure of the PCB disposal units, and

b. compensating others for bodily injury and property
damage caused by accidents arising from operations
of the disposal units.

18. Notification Requirements for New Facilities; Permittee must
notify the Regional Administrator in writing of any plans for new facilities
at the site. The Regional Administrator will then determine the appropriate
procedures for consideration of an operating permit for the proposed facilities.

19. Notice of Modifications; No major modifications may be made to
the unit design, as described in the application and demonstration plan for
tnis approval without written approval of the Regional Administrator. For
the purpose of this approval, "major modification" shall be defined as any
cnange to capacity, design, efficiency, waste type, or any other changes
affecting overall performance or environmental impacts.
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20. PCB Regulations Requirements: Permittee shall comply with ail
applicable requirements of the Federal PCB Regulation, UO CFR Part 761, in
the operation of the facility. Particular note shall be given to:

a. 40 CFR Section 761.55 - storage for disposal;

b. 40 CFR Section 761.79 - decontamination; and

c. 40 CFR Section 761.180 - records and monitoring.

21. Permit Severability; The conditions of this approval are
severable, and if any provision of this approval of any application of any
provision is held invalid, the remainder of this approval shall not be affected
thereby.

22. Permit Expiration/Renewal: Approvals are effective for a three-
year period. For a renewal approval, EPA may require additional information
and/or testing of the PCB disposal process. In order to continue the
effectiveness of an approval pending EPA action on reissuance, the Permittee
must submit a renewal request letter to EPA at least 90 days, but not more
than 180 days, prior to the expiration date of this approval.

23. Annual Quality Control Monitoring; Permittee shall conduct
annual monitoring of the facility for PCBs, separation efficiencies, and mass
emission rates for TF-1 and PCBs. If limits specified in the conditions of
approval are not complied with, U. S. EPA must be notified within one day of
receipt of the test report, and Permittee shall cease separation of PCBs.
Otherwise test results shall be incorporated into the annual report. If no
disposal operations were conducted during the year of an anniversary of this
permit, the first disposal operation in the following year after the annive-sary
shall be monitored as required under this condition.

24. Disposal of Cleaned TF-1: Permittee shall not dispose of cleaned
material (TF-1) other than by marketing the material for further use in
commerce or by disposing of the material at an approved RCRA hazardous waste
disposal facility or approved PCB incinerator. Should the constituents of
TF-1 be fully evaluated for inclusion on the RCRA hazardous waste list, these
constituents shall then be disposed of in accordance with any applicable
regulations.

25. Accident Reporting; Permittee shall utilize a method (radio,
telephone, etc.) of communicating between tanker trucks carrying TF-2 or PCB
residues and the separation facility. The drivers of each truck shall notify
a responsible party at the separation facility immediately prior to and
immediately following crossing the U.S. 41 bridge. UNISON shall maintain
records of such communications. UNISON shall immediately investigate failure
to communicate successful crossing of the U.S. 41 bridge. Should an accident
occur on t;.c bridge or should the vehicle not be located, the permittee shall
immediately notify the Evansville Water Treatment Plant and the Henderson
County Sheriff's Department.
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26. Transport Limitations: Permittee shall assure that no 7F-2
or PCB tanker trucks cross the U. S. Highway "1 bridge during periods when
ice, snow, or other severe weather conditions are causing hazardous driving
conditions.

27. Emergency Training: ?erm<«"-«e shall at their sole expense
furnish to the applicable police, fire and emergency response agencies of the
city and County of Henderson and the City of Evansville, such special training
as is necessary to combat emergency or disaster situations which might reasonably
be anticipated at the subject property and along transportation routes in
these jurisdictions.

28. Safety Procedures and Equipment; Permittee shall follow safety
procedures as outlined in their operating manual. Permittee shall have and
maintain safety equipment at the separation facility as described in their
permit application and operating manual. Permittee shall notify EPA of any
proposed modifications to these operation procedures or changes in safety
equipment.

29. Monitoring Requirements: Permittee shall meet the baseline
environmental monitoring requirements of Henderson County and the operational
monitoring of the Commonwealth of Kentucky. Copies of environmental monitoring
reports shall be provided to EPA Region IV at the same time as provided to
the County and Commonwealth.

30. Process Limitations; Permittee shall not process greater amounts
of contaminated TF-1 (TF-X) than allowed in the State air permit.

31. Closure Plan; Permittee shall notify EPA in the event the
facility is to discontinue operation for an extended period (greater than
three months). Permittee shall notify EPA of any plans for closure and
submit a proposed plan of such closure 60 days in* advance to EPA for approval.

32. Facility Access; The Permittee shall allow EPA inspectors access
to the facility and all reports, documents, or other materials required of
this facility by EPA, the Commonwealth and Henderson County at any time with
or without prior notification.
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10.0 LIST OF PREPARERS

EPA. Region IV

Robert B. Howard - Chief. NEPA Compliance Section
Robert C. Cooper - Project Officer
Robert G. Stryker - Chief, Toxic Substances Section
Constance Jones - Toxic Substances Section
Lew Nagler - Air Programs Branch

EPA. Headquarters

Suzanne Rudsinski - Chief, rhemical Regulation Branch
John H. Smith - Chemical Regulation Branch
Jane Kirn - Chemical Regulation Branch

WAPORA. Inc.

Steven D. Bach, Ph.D. - Program Manager
Charles E. Beck, J.D. - Project Director
Anthony F. Moseati, Ph.D.
Thomas Reed Lee, Ph.D.
J. Kevin Chisholm, M.S., P.E.
William H. Murdy, III. M.S.
Eric M. Hediger, M.E.M.
John M. Dwyer
John J. Nugent
Eleanor T. Clements
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TOXIC SUBSTANCES CONTROL ACT

Section 6(e)



(e) PoLvniL^RiN \rrj> Rir-uEvn-s.— 'Ti Wi th in six
montl.s a f r e r :::.• • . •df ixt ive ' iate of tins Ac: the Adminis-
trator shall promuleate rules to—

(\) prescribe method* for the disposal of poly-
chlorinated !>ip!".pnvl.s. and

(B) require po lyc i i lonna tcd biphonyl* to be
marked with <- lcar ami adequate warning, and in-
structions with respect to the:r processing, distribu-
tion in commerce. u=e. or disposal or with respect to
any c o m l u n n f i n p of - - i rh a r t iv i t i c . s .

Reaiiirements prescribed by rules under this paragraph
shall be consistent with the requirements of paragraphs
(2) and (3).

(2) (A) Except as provided under subparagrapb (B),
effective one year after the effective date of this Act no
person may manufacture, process, or distribute in com-
merce or use any polychlorinated biphenyl in any man-
ner of her than in'a totally enclosed manner.

(B) The Administrator may by rule authorize the
manufacture, processing, distribution in commerce or use
(or any combination of such activities) of any poly-
chlorinated biphenyl in a manner other than in * totally
enclosed manner if the Administrator finds that such
manufacture, processing, distribution in commerce, or
use (or combination of such activities) will not present
an unreasonable risk of injury to health or the
environment

(C) For the purposes of this paragraph, the term "to-
tally enclosed manner" means any manner which will en-
sure that any exposure of human beings or the environ-
ment by the polychlorinated biphenyl will be insignifi-
cant as determined by th? AHminis t r r . for by nile.

(3) (A) Except as provided in subparagfaphs (B) and
(C)— .

(i) no person may manufacture any polychlori-
natcd biphenyl after two years after the effective
date of this Act. and

(ii) no person may process or distribute in com-
merce any polychlonnatcii biphenyl after two and
onp-V.nlf r---ir.= :if: r ? _ , < h < i : i t e .

(B) Any person may petition the Administrator for
an exemption from the requirement* of subparagaph
•(A), and the Administrator may grant by rule such an
exemption if the Administrator finds that—

(i) an unreasonable risk of injury to health or
environment wo'ild not n-;ult. and

(ii) jjnod f:iiili i-rFoit-. have boon made to develop
a rhcmictil .-ubstano; \rhicli does not present an un-
reasonable risk of injury to health or the environ-
ment and which may be substituted for such poly-
chlorinated biphenyi.

An exemption granted under this subparagraph shall
be subject to such terms and conditions as the Adminis-
trator may prr-f-nbe n n « l shall bv in etfect for such
period (but not more than one yenr from the date it is
granted) as the Administrator "may prescribe.

(C) Subparagraph (\) shall not apply to the dis-
tribution in commerce of iny polychlonnated biphenyl
if such polychlorinated biphenyl was sold for purposes
other than resale before two and one half yean after
the date of enactment of this Act.

(4) Any rule under paragraph (1). (2)(B). or (3)
(B) shall be promuleated in accordance with para-
graphs (2 ) , (3) . and (4) of subsection ( c ) .

(5) This subsection does not limit the authority of
the Administrator, under any other provision of this Act
or anv other Federal law, to take action respecting any
polychlonnated biphenyl.



FAIT 7*1— PdYCMlOtlNATID 81-
(PCS.) MANUfACni«-

. WOCISSINO. OIST1IBOTION
IN COMMERCE AND US£ Pf.OHII.l-
TIONS

See
761.1 ADplieaDiIi;y.
7(1.3 Definitions.
Hi. 19 References.

end UM •» KB* w*

1(1.10
7(1.30

Prohibition*.
Authorization*.

Marking requirements.
ttarkin* formats.

7(1.40
7(1.4S

7*1.70
7(1.7S
7S1.7S

7(1.10 Manufacturinc. oroeeaains. and dto-
trtbution in commerce exemption*.

Disposal requirement*.
Siorace (or disposal.
Incineration.
Chemical wait* landfills.
Decontamination.

7(1. HO Records and monitoring.
7(1.1U Certification Droffran and reten-

tion or record* by Importers and persons
ceneratinc PCBs in excluded oanufac-
lurtngpiecssm.

7S1.1S7 Reporting Importers tnd by per-
son* eenerattnt PCBs in excluded manu-
facturing processes*

7(1. in Maintenance of monitoring record!
by person* who import, manufacture,
process, distribute In commerce, or ut»
chemical* containing inadvtruatly test-
eratedPCBa.

AimoBrrr See*. (. (, and IX Toxic Sub.
stance* Control Act. Is OAC 2tM. MOT.
and MIL

I T»U
(a) TTiU p>n cftftbiuht* prohibitions

of. and rtquiiMitnu for. tnt manufac-
ture, praenslnc. distribution in com-
merce. UM. disposal, storwt. and
marfclnf of PCB« and PCB Itenu.

<b) This part applies to all persons
who manufacture, process, distribute
In commerce, use. or dispose of PCBs
or PCB Items. Substances that are
regulated by this rule include, but are
not limited to. dielectric fluids, con-
taminated solvents, oils, waste oils,
heat transfer fluids, hydraulic fluids,
paints, sludges, slurries, dredge spoils.
soils, materials contaminated as a

result of spuls. ana otner cnemicai
substances or combination of suo-
stances. including impurities and by-
products and any byproduct, interme-
diate or impurity manufactured at any
point in a process. Most of :ne grot ;-
sions of this part apply to PCBs only
if PCBs are present m concentrations
above a specified le%el. For example.
Subpart D applies generally to materi-
als at concentrations of SO paru per
million (ppm) and above. Also certain
provisions of Subpart B apply to PCBs
inadvertently generated in manufac-
turing processes at concentrations
specified In the definition of PCB
under 1761.3. No provision specifying
a PCB concentration may be avoided
M a result of any dilution, unless oth-
erwise specifically provided.

<c> Definitions of the terms used In
the** refutations are in Subpart A.
The bttte requirements applicable to
dtjposml and marking. of ~~3s and
PCB Items art set forth in Subpart

of PCBs and PCB Items
laSubpart C—Markinc of PCBs

aad PCB Items. Prohibitions applica-
ble) to PCB activities are set forth in
8ubp*rt B Manufacture. Processing.
Distribution jn Commerce, and Use of
PCBf and PCB Items. Subpart B also
Includes) authorizations from the pro-
hibitions. Subparts C and D set forth
tnt specific requirements for disposal
and mariUnc of PCBs and PCB Items.

(d) Section IB of the Toxic Sub-
stance* Control Act (TSCA) states
that failure to comply with these regu-
lations to unlawful. Section 19 imposes
liability for dvtl penalties upon any
person who violates then refutations.
md tfr^ Administrator "im establish
appropriate remedies for any viola-
tions subject to any limitations Includ-
ed In section 16 of TSCA. Section 16
also subjects a person to criminal pros-
ecution for a violation which is know-
Inf or willful. In addition, section 17
authorize* Pederal district courts to
enjoin activities prohibited by these
refutations, compel the taltlnf of ac-
tions required by these refutations.
and tssut orders to seize PCBs and
PCB Items manufactured, processed
or distributed In violation of these ret•

(e) Thett refutations do not pre-
empt other more (trinitnt Pederal
statutes and refutations.

(f) Units* and until superseded by
any new more stringent refutations
Issued under EPA authorities, or any
permits or any pretreaunent require-
ments issued by EPA, a state or local
government that affect release of
PCBs to any particular medium:

(1) Persons who inadvertently manu-
facture or import PCBs generated as
unintentional Impurities in excluded
-viufacturing processes, as def ined in



5 76i.3. ire exempt f rom '.he requ i r e
menu of Suopart B of this part , pro-
vided trial sucn persons comply w i t h
5.-Opari -' 01 this part, as applicable.

.2) Persons *no process, distribute
.n commerce, or use products contain-
ing PCBs generated in excluded manu-
facturing processes defined ;n 3 761 3
are -»xempt f rom tri» r«q ' i i r »men t s 01
Subpart. B provided thai such persons
comply with Subpart J of this pan. as
applicable.

(3) Persons who process, distribute
in commerce, or use products contain-
ing recycled PCS* defined in I 761.3.
are exempt from the requirement* of
Subpart B of this part, provided that
such persons comply with Subpart J of
this part, as applicable.
<S«c. «. Pub. U 94-4O. M SUC. 2030 (18
OJ.C. 2MS)
C44 PR 31542. May 11. lt?». M amended at
49 FR 28189. July 10. 19S4J

17(1.3 Definition*.
For the purpose of this part:

Commerce" means trade, traffic,
transportation, or other commerce:

(1) Between a place in a State and
any place outside of such State, or

(2) Which affects trade, traffic,
transportation, or commerce described
in paragraph (1) of this definition.

•Disposal" means intentionally or
accidentally to discard, throw away, or
otherwise complete or terminate the
useful life of PCBs and PCS Items.
Disposal includes spills, leaks, and
other uncontrolled discharges of PCBs
as well as actions related to contain*
ing. transporting, destroying, degrad-
inc. decontaminating, or confining
PCBs and PCS Items.

••Distribute in commerce" and 'Dis-
tribution in Commerce" when used to
describe an action taken with respect
to a chemical substance, mixture, or
article containing a substance or mix-
ture means to sell, or the sale of. the
substance, mixture, or article in com-
merce: to Introduce or deliver for in-
troduction Into commerce, or the in-
troduction or delivery for introduction
into commerce of the substance, mix-
ture, or article: or to hold or the hold-
ing of. the substance, mixture, or arti-
cle after its introduction into com-
merce.

"Excluded manufacturing process'
means a manufacturing process in
which quantities of PCBs. as deter-
mined in accordance with the defini-
tion of inadvertently generated PCBs.
calculated as defined, and from which
releases to products, air. and *ater
meet the requirements of paragraphs

• 1) th rough i5» of t h i s ae:'.r.it:on. or
'.he importation of produce ::n:a.n-
ing PCBs is jr.inten'.ior.a. irrc'-n'..^.
wnich products meet tr.e re--:rerr.e- :
of paragraph < l; ar.d • J) of -r » J*.' n
lion,

ill The concentration of ;rad'. ?r:
-..".:;> sene.-3'?d PC3» ." p.":i-:'.j - •'
ing any mar.L,.fac'.'-:r:r.(t :.:e or . — : "
ed into the United States must r.i-e
an annual average of less than 25 pp~.
with a 30 ppm maximum.

"i'Z) The concentration of inadvert-
ently generated PCBs in the compo-
nents of detergent bars leaving the
manufacturing site or imported into
the United States must be less than 5
ppm.

(3> The release of inadvertently gen-
erated PCBs at the point at which
emissions are vented to ambient air
must be less than 10 ppm.

(4) The amount of inadvertently
generated PCBs added to water dis-
charged from a manufacturing site
must be less than 100 micrograms per
resolvable gas chromatographic peak
per liter of water discharged.

(9) Disposal of any other process
wastes above concentrations of SO ppm
PCB must be in accordance with Sub-
part D of this part.

"PCB" and "PCBs" means any
chemical substance that is limited to
the biphenyl molecule that has been
chlorinated to varying degrees or any
combination of substances which con-
tains such substance. Refer to
1781.Kb) for applicable concentra-
tions of PCBs. PCB and PCBs as con-
tained in PCB items are defined in
1761.3. FOr any purposes under this
part. Inadvertently generated non-Aro-
clor PCBs are defined as the total
PCBs calculated following division of
the quantity of monochlonnated bi-
phenyls by 50 and dichloruisted bi-
phenyls by 9.

"PCB Article" means any manufac-
tured article, other than a PCB Con-
tainer, that contains PCBs and whose
surfaces) has been in direct contact
with PCBs. "PCB Article" includes ca-
pacitors, transformers, electric motors.
pumps, pipes and any other manufac-
tured Item (1) which is formed to a
specific shape or design during manu-
facture. (2) which has end use
functlon(s) dependent In whole or in
part upon its shape or design dur ing
end use. and (3) which has either no
change of chemical composition
during its end use or only those
changes of composition which have no
commercial purpose teparate from
that of the PCB Article.



PCS Article Container' means any
package, can. bottle, oag. barrel, drum,
tank, or other device used to contain
PCB Articles or PCB Equipment, ind
whose surf ace151 has not been in direct
contact with PCBs.

"PCB Container" mean* any pack-
age, can. bottle, bag. barrel, drum,
tank, or other device that contains
PCBs or PCB Articles and whose
surfaced) has been in direct contact
wtth PCBs.

"PCB Equipment" means any manu-
factured item, other than a PCB Con-
tainer or a PCB Article Container,
which contains a PCB Article or other
PCB Equipment, and includes micro-
wave ovens, electronic equipment, and
fluorescent light ballasts and fixtures.

"PCB Item" Is defined as any PCB
Article. PCB Article Container. PCB
Container, or PCB Equipment, that
deliberately or unintentionally con-
tains or has a pan of It any PCB or
PCBs.

"PCB Transformer" means any
transformer that contains 900 ppra
PCB or greater.

"PCB-Contaminated Electrical
Equipment" means any electrical
equipment, including but not limited
to transformers (including those used
in railway locomotives and self-pro-
pelled cars), capacitors, circuit break-
ers, reclosers. voltage regulators,
switches (including sectionalizen and
motor starters), electromagnets, and
cable, that contain 50 ppm or greater
PCB. but less than 500 ppm PCB. Oil-
filled electrical equipment other than
circuit breakers, reclosers, and cable
whose PCB concentration is unknown
must be assumed to be PCB-Contami-
nated Electrical Equipment. (See
1791.30 (a) and <h> for provisions per-
mitting reelasslflcatton of electrical
equipment containing 500 ppm or
greater PCBs to PCB-Contamlnated
Electrical Equipment).

"Recycled PCBs" are defined as
those Intentionally manufactured
PCBs which appear in the processing
of paper products or asphalt roofing
materials as PCB-contaminated raw
materials and which meet the require-
ments of (1) through (5) of this defini-
tion.

(1) The concentration of Aroclor
PCBs in paper products leaving any
manufacturing site or Imported into
the United States must have an
annual average of less than 25 ppm
with a 50 ppm maximum.

(2) There are no detectable concen-
trations of Aroclor PCBs in asphalt
roofing materials.

(3) The release of Aroclor PCBs it
the point at which emissions are
vented to ambient air must be less
than 10 ppm.

(4) The amount of A/oc!or PCBs
added to water discharged from i
processing site must at all times be
leas than 3 micrograms per liter <**•• i>
for total Aroclors (roughly 3 parts per
billion (3 ppb».

(5) Disposal of any other process
wastes above concentrations of 50 ppm
PCB must be In accordance with Sub-
part O of this part.

"Storage for disposal" means tempo-
rary storage of PCBs that have been
designated for disposal

Subpart t—Manufacturing, Procet*.
infl, Oistribwtian in Cammarc*. and
Usa af PCBs and PCI Items

ITU.20 Prohibition*.
Except as authorized in | 781.30. the

activities listed in paragraphs <a> ind
(d) of this section are prohibited pur-
suant to section « < e M 2 > of TSCA The
requirements set forth in paragraphs
<b> and (c) of this section concerning
export and Import of PCBs for pur
poses of disposal and PCB Items for
purposes of disposal are established
pursuant to section «<exi) of TSCA.
Subject to any exemptions granted
pursuant to section Wex3xB) of
TSCA. the activities listed In para-
graphs (b) and <c> of this section are
prohibited pursuant to section
< 9 x e ) ( 3 ) ( A > of TSCA. In addition, the
Administrator hereby finds, under the
authority of section I2(ax2> of TSCA.
that the manufacture, processing, and
distribution in commerce of PCBs at
concentrations of 90 ppm or greater
and PCB Items with PCB concentra-
tions of 50 ppm or greater present an
unreasonable risk of Injury to health
within the United States. This finding
Is based upon the well-documented
human health and environmental
hazard of PCB exposure, the high
probability of human and environmen-
tal exposure to PCBs and PCB Items
from manufacturing, processing, or
distribution activities: the potential
hazard of PCB exposure po*ed by the
transportation of PCBs or PCB Items
within the United States: and the evi-
dence that contamination of the envi-
ronment by PCBs is spread far beyond
the areas where they are used. In addi-
tion, the Administrator hereby finds.
for purposes of section 6 < e x 2 u C > of



TSCA. that any exposure of human
Oeings or the environment '.o PCBs. u
measured or detected by any scientifi-
cally acceptable analytical metnod.
may be significant, depending on such
.'actors as the quantity of PCBs in-
volved in the exposure, the l ikel ihood
of exposure to humans and the envi -
ronment, and the effect of exposure.
For purposes of determining 'truer)
?CB Items are tota.ly enclosed, pursu-
ant to section 6<ex2)(C) of TSCA.
since exposure to such Items may be
significant, the Administrator fur ther
finds that a totally enclosed manner is
a manner which results in no exposure
to humans or the environment to
PCBs. The following activities are con-
sidered totally enclosed: distribution
in commerce of intact, nonleaking
electrical equipment such as trans-
formers (including transformers used
in railway locomotives and self-pro-
pelled can), capacitors, electromag-
nets, voltage regulators, switches ( in-
cluding sectionalizers and motor start-
ers), circuit breakers, reclosers. and
cable that contain PCBs at any con-
centration and processing and distri-
bution in commerce of PCB Equip-
ment containing an intact, nonleaking
PCB Capacitor. Sec paragraph (cxi)
of this section for provisions allowing
the distribution in commerce of PCBs
and PCB Hems.

(a) No person may use any PCB. or
any PCB Item regardless of concentra-
tion, in any manner other than in a to-
tally enclosed manner within the
United States unless authorized under
I 761.30. except that an authorization
is not required to use those PCBs or
PCB Items resulting from an excluded
manufacturing process or recycled
PCBs defined in 1761.3. provided all
applicable conditions of I 761.1(f) are
met.

i 7C1.3Q Authorisation*.
The following non-totally enclosed

PCB activities are authorized pursuant
to section 6(ex2)(B> of TSCA;

(a) Use in and servicing of trans-
former? (other y»on railroad trans-
formers). PCBs at any concentration
may be used in transformers (other
than transformers for railroad locomo-
tives ind self-propelled railroad cars)
and may be used for purposes of serv-
icing including rebuilding these trans-
formers for the remainder of their
useful lives, subject to the following
conditions:

il) Use conditions, u) After October
1. 1985. the use and storage for reuse
of PCB Transformers that pose an ex-
posure risk to food or feed is prohibit-
ed.

(U) A visual inspection of each PCB
Transformer is defined in the def ini -
tion of "PCB Transformer" under
I 751 3) in use or stored for reuse shall
oe performed at least once every three
months. These inspections may take
place any time during the three
month penods: January-March. April-
June. July-September, and October-
December as long as there is a mini-
mum of 30 days between inspections.
The visual inspection must include in-
vestigation for any leak of dielectric
fluid on or around the transformer.
The extent of the visual inspections
will depend on the physical con-
straint* of each transformer installa-
tion and should not require an electri-
cal shutdown of the transformer being
inspected.

(IU) It a PCB Transformer is found
to have a leak which results In any
quantity of PCBs running off or about
to run off the external surface of the
transformer, then the transformer
must be repaired or repined to elimi-
nate the source of the leak. In all
cases any leaking material must be
cleaned up and properly disposed of
according to disposal requirements of
I 761.60. Cleanup of the released PCBs
must be .Initiated aa soon as possible,
but in no case later than 48 hours of
its discovery. Until appropriate action
is completed, any active leak of PCBs
must be contained to prevent exposure
of humans or the environment and in-
spected daily to verify containment of
the leak. Trenches, dikes, buckets, and
pans are example* of proper contain-
ment measures.

( Iv) Records of Inspection and main-
tenance history shall be maintained at
least 3 yean after disposing of the
transformer and shall be made avail
able for inspection, upon request, by
EPA. Such records shall contain the
following information for each PCB
Transformer

(A) Its location.
(B) The date of each visual inspec-

tion and the date that a leak was dis-
covered. If different from the inspec-
tion date.

(C) The person performing the in-
spection.

(D) The location of any leak(s).
(E) An estimate of the amount of di-

electric fluid released from any leak.
(Pi The date of any cleanup, con-

tainment, repair, or replacement.
(G> A description of any cleanup.

containment, or repair performed.
(H) The results of any containment

and dally inspection required for on-
corrected active leak*.

(v) A reduced visual Inspection fre-
quency of at least once every 12
months applies to PCB Transformers
that utilize either of the following risk
reduction measures. These inspections



any take place any fjne during trie
calendar year as long asir-.ere 12 a mm-
Ununt of 180 days between Inspect:cos.

A, A PCS Transformer vhicn rzs
..nper • .-us. ur.drsaned. j-.'cor.dary :<\-,.
x_-_Tiznt -ip-r.iy of a', leas: 100 oer-
-an? o/ ;ne ictti dielectric -"ruid
T-iome of all '.rasisfcrmers so con-
'.*-- ?c. or —

3- A PC3 Ttansiomer Truer1. nas
been M*uc and found to contain less
ciian 90.000 ppm PCBs (af:?r three
months of tnsennce use if che trans-
former has beer, serviced for purposes
of reducing the PCB concentration).

(tn) An Increased visual inspection
frequency of at least once every week
applies to any PCB Transformer In
use or stored for reuse which poses an
exposure nsk to food or feed. The user
of a PCB Transformer potint an expo-
sure risk to food or feed is responsible
•or the inspection, recordkeepmg and
maintenance requirements under this
section until the user notifies the
owner that the transformer may pose
an exposure nsk to food or feed. Pol-
loving such notification, it Is the
jwr.er s uUunate responsibility to de-
termine whether the PCB Transform-
er poses an exposure risk to food or
feed.

?2> Sernany condiiioni. (1) Trans-
formers classified as PCB-Contammat-
ed Electrical Equipment (as d?fmed in
the definition of "PCB-Contaminated
Electrical Equipment" under | "61.3V
may be serviced (including rebuilding)
only with dielectric fluid containing
less than 500 ppm PCB.

(it) Any servicing (including rebuild-
ing) of PCB Transformers 'as defined
in the definition of "PCB Transform-
er" under I 761.3) that requires the re-
moval of the transformer coil from the
transformer casing is prohibited. PCB
Transformers may be serviced (includ-
ing topping of f ) with dielectric fluid at
any PCB concentration.

(ill) PCBs removed during any serv-
icing activity must be captured and
either reused as dielectric fluid or dis-
posed of in accordance with the re-
quirement* Of 1751.90. PCBs from
PCB Transformers must not be mixed
with or added to dielectric fluid from
PCB-Contaminated Electrical Equip-
ment.

( iv> RegardJes* of Its PCB concentra-
tion, dielectric fluids containing less
than 500 ppm PCB that are mixed
with fluids that contain 500 ppm or
greater PCB must not be used as di-
electric fluid in any electrical equip.
mem. The entire mixture of dielectric
fluid must be considered to be greater
than 500 ppm PCB and must be dis-
xwed of in an incinerator that meets
the requirements in I 781.70.

(v) A PC&Tramforrr.er may ;e con
verted to PCB-Comammatea Electri-
cal Equipment or to a non-PCB Trans-
former and a trons.'orr.er tr.a: i.< ciis-
sified is FC3 Coniajn:r.ac?d Eiec'..-.co.
Equipment .-nay se reclaisir.ec to a
no.vPCS^Transfarmer by draining re-
filling and. or -otherwise servicing tn*
trsrufcrmer In order 10 r-c.iii*:.. •..-.-
transformer's c:elec'.rtc f iuia -must
contain lea ;han 500 ppm ?C3 Tor
conversion to PC3-Contarr.m*t»d Ei*e-
tricai Equipment) or less than 50 ppm
PCB (for conversion to a nor.-PC3
Transformer) after a minimum of
three months of in-service use suosr-
quent to the last servicing conducted
for the purpose of reducing the PCB
concentration in the transformer. In-
service means that the transformer is
used electrically under loaded condi-
tions that raise the temperature of the
dielectric fluid to at least SO Ctrm
grade. The Assistant Administrator
may grant, without further rulemak-
ing. approval for the use of alternative
methods that simulate the loaded con-
ditions of in-service use. All PCBs re-
moved from transformers for purposes
of reducing PCB concentrations are
subject to the disposal requirements of
I 7S1.60.

;vi) Any dielectric fluid containing
SO ppm or greater PCB used for sen ic-
ing transformers must be stored in ac-
cordance with the storage for disposal
requirements of 1761.83.

<vil) Processing and distribution in
commerce of PCBs for purposes of
servicing transformers is permitted
only for persons who are granted an
exemption under TSCA 8<ex3)(B>.

Suvparf D—Storage and Disposal

No-nc TTiu mbpMt does not require re-
moval of PCBt «nd PCB Items from service
tad disposal nrlier than would normally oe
tilt C»M. However, when PCB* and PCB
lumj ire removed (ram scrvic* ind ei*-
poted of. disposal mim b« undertaken in ic-
eordanet wun these refutations. PCB* un-
eluding soils and debrui and PCB Item*
which have been elated in a disposal »iu are
considered to Be in sen-ice for ourooses o(
ihe applicaoikny of this suboart. This >ub-
part doe* not require PCBs »nd PCB Items
landhlied prior to February 17. 1978 to &e
removed for disposal. However, if *ucn
PCB* or PCB Itemi ire removed from me
disposal *ne. irtey must oe disposed of in ic
coraance «iih this subpan. Other su&caru
are directed to the manufacture, processing.
uismouuon in commerce, and use o( PCBs
and may result in some cases in disposal it
an tinier date r.nan wouid otnerwije occur



1711.60 Dissot*) rtquiremenu.
(a) PCBt. (1) Except as provided in

paragraphs (a) (2). <3>. (4). and (3) of
this section. PCBs at concentrations of
$0 ppm or greater must be disposed of
in an Incinerator which complies with
I 761.70.

(2) Mineral oil dielectric fluid from
PCB-Contaminated Electrical Equip-
ment containing a PCB concentration
of 50 ppm or greater, but less than 500
ppm. must be disposed of in one of the
following:

(1> In an Incinerator that complies
with 1761.70:

(il> In a chemical waste landfill that
compiles with I 761.75 if information
is provided to the owner or operator of
the chemical waste landfill that shows
that the mineral oil dielectric fluid
does not exceed 500 ppm PCB and is
not an ignitable waste as described In
I 761.75<b)<8> (ill):

(ill) In a high efficiency boiler pro-
vided that:

(r») In a facility that Is approved in
accordance with |7ei.60<e>. For the
purpose of burnioc mineral oil dielec-
tric fluid, an applicant under
I 761.60<e) must show that his combus-
tion process destroys PCBs as effi-
ciently as does a high efficiency boiler,
as defined in paragraph <bX3Xlil> of
this section, or a 1761.70 approved In-
cinerator.

(3) Liquids, other than mineral ofl
dielectric fluid, containing a PCB con-
centration of 90 ppm or greater, but
less than 300 ppm. shall be dispoesd
of:

(I) In an Incinerator which compiles
with f 761.70:

(II) In a chemical waste landfill
which complies with 1761.75 if Infor-
mation is provided to the owner.or op-
erator of the chemical waste landfill
that shows that the waste dots not
exceed 500 ppm PCB and Is not an Ig-
nitable waste as described in
I 761.75(bX8XiiiX

(ill) In a high efficiency boiler pro-
vided that.

(iv) in a facility that Is approved In
accordance with 176l.6<Xe>. For the
purpose of burning liquids, other than
mineral oil dielectric fluid, containing
50 ppm or greater PCB. but less than
500 ppm PCB. an applicant under
I 761.ao<e> must show that his combus-
tion process destroys PCBs as effi-
ciently as does a nigh efficiency boiler.
as defined in 17ei.60(aX2)Uli). or a
I 761.70 Incinerator.

(4) Any non-liquid PCBs at concen-
trations of 50 ppm or greater in the
form of contaminated soil. rags, or
other debris shall be disposed of:

(1) In an incinerator which compiles
with i 761.70: or

<U) In a chemical waste landfill
which complies with i 761.75.

NOTE Except as provided la
|76i.7J<bX»xil>. liquid PCB* shall not be
processed into non-liquid forms to circum-
vent the high temperature incineration re-
quirement* of

(b) PCS Article*—t.1) Transformer*.
(i) PCB Transformers shall be dis-
posed of in accordance with either of
the following:

(A) In an incinerator that complies
with i 761.70: or

(B) In a chemical waste landfill
which complies with 1761.75: Provid-
ed. That the transformer Is first
drained of all free flowing liquid, filled
with solvent, allowed to stand for at
least 18 hours, and then drained thor-
oughly. PCB liquids that are removed
shall be disposed of in accordance with
paragraph (a) of this section. Solvents
may Include kerosene, xylene. toluene
and other solvents in which PCBs are
readily soluble. Precautionary meas-
ures should be taken, however, that
the solvent flushing procedure is con-
ducted in accordance with applicable
safety and health standards as re-
quired by Federal or State regulations.

(4) PCB-Contaminated Electrical
Equipment. All PCB-Contaminated
Electrical Equipment except capaci-
tors shall be disposed of by draining
all free flowing liquid from the electri-
cal equipment and disposing of the
liquid in accordance with paragraph
(a)(2> or (3) of this section. The dispos-
al of the drained electrical equipment
is not regulated by this rule. Capaci-
tors that contain between 90 and 900
ppm PCBs shall be disposed of in an
incinerator that complies with 1761.70
or in a chemical waste landfill that
complies with 1761.75.

(3) Other PCB Article*. U, PCB arti-
cles with concentrations at 50 ppm or
greater must be disposed of:

<A) In an incinerator that complies
with I 761.70: or

(B) In a chemical waste landfill that
complies with I 761.75. provided that
sJl free-flowing liquid PCBs have been
thoroughly drained from any articles
before the articles are placed In the
chemical waste landfill and that the



drained liquids we disposed of in an
incinerator that complies with
I 761.73.

(u) PCS Articles with a PCS concen-
tration between 90 and 900 ppm must
be disposed of by draining all free
flowing liquid from the article and dis-
posing of the liquid In accordance with
paragraph (aX2) or (3) of this section.
The disposal of the drained article is
not regulated by this rule.

(6) Storage of PCB Arti&n. Except
for a PCB Article described In para-
graph (bX2Xil> of this section and hy-
draulic machines that comply w:ih the
municipal solid waste disposal provt-
sions described tn paragraph (bX3) of
this section, any PCB Article, with
PCB concentrations at SO ppm or
greater, shall be stored tn accordance
with 1761.69 prior to disposal.

<c> PCB Contain- . tl) Units* de-
contaminated in compliance with
1761.79 or as provided In paragraph
(CK2) of this section, a PCB container
with PCB concentrations at M ppm or
greater shall be disposed ofc

(I) In an incinerator which compiles
with 1761.70. or

(II) In a chemical waste UadflD that
complies with 1761.75: provided that If
there are PCBs In a liquid gut*, the
PCB Container shall first be drained
and the PCB liquid disposed of in ac-
cordance with paragraph (a) of this
section.

<2) Any PCB Container used to con-
tain only PCBs at a concentration less
than 900 ppm shall be disposed of as
municipal solid wastes: provided that
if the PCBs are in a liquid state, the
PCB Conttlner shall first be drained
and the PCB liquid shall be rttopnesrt
of in accordance with paragraph (a) of
this section.

(3) Prior to disposal, a PCB contain-
er with PCB concentrations at 80 ppa
or greater shall be stored in a facility
which complies with 1761.69.

(d) Spitts. (1) Spills and other uncon-
trolled discharges of PCBs at concen-
trations of 90 ppm or greater consti-
tute the disposal of PCBs.

(2) PCBs resulting from the clean-up
and removal of spilla. teaks, or other
uncontrolled discharges, must be
stored and disposed of in accordance
with paragraph (a) of this section.

(3> These regulations do not exempt
any person from any actions or liabil-
ity under other statutory authorities,
including but not limited to the Clean
Water Act. the Resource Conservation
and Recovery Act. and the Compre-
hensive Environmental Response.
Compensation, and Liability Act of
1980.

(e) Any person who Is required to in-
cinerate any PCBs and PCB Items
under this subpart and who can dem-
onstrate that an alternative method of
destroying PCBs and PCB Items exists
and that this alternative method can
achieve a level of performance equiva-
lent to 1761.70 incinerators or high ef-
ficiency boilers as provided in para-
graph <aX2Xiv) and (ax3xiv) of this
section, may submit a written request
to either the Regional Administrator
or the Assistant Administrator for
Pesticides and Toxic Substances for an
exemption from the incineration re-
quirements of 1761.70 or { 761.60. Re-
quests for approval of alternate meth-
ods that will be operated In more than
one region must be submitted to the
Assistant Administrator for Pesticides
and Toxic Substances except for re-
search and development Involving less
than 900 pounds of PCB material (see
paragraph (1X2) of this section). Re-
quests for approval of alternate meth-
ods that will be operated In only one
region must be submitted to the ap-
propriate Regional Administrator. The
applicant must show that his method
of destroying PCBs will not present an
unreasonable risk of Injury to health
or the environment. On the basis of
such information and any available In-
formation, the Regional Administrator
or Assistant Administrator for Pesti-
cides and Toxic Substances may. in his
discretion, approve the use of the al-
ternate method If he finds that the al-
ternate disposal method provides PCB
destruction equivalent to disposal In a
1761.70 incinerator or a 1761.60 high
efficiency boiler and will not present
an unreasonable rtak of Injury to
health or the environment. Any ap-
proval must be stated In writing and
ff^y rtmtiln twit renditions and pro*
visions M the Regional Administrator
or Assistant Administrator for Pesti-
cides and Twtc Substances deems *p~
proprtate. The person to whom such
waiver Is issued mutt comply with all
llmltsrtoM contained In such determV

(fXl) Each operator of a ____
waste landf BL incinerator, or alterna-
tive to Incineration approved under
paragraph (e) of this section shall give
the following written notices to the
state and local governments within
whose Jurisdiction the disposal facility
is located:

(1) Notice at least thirty (30) days
before a facility Is first used for dis-
posal of PCBs required by these regu-



(U) At the request of any state or
local rovernment. annual notice of the
quantities and ttneral description of
PCB* aupo»ea of during the year.
This annual notice shall be riven no
more than thirty (30) days after the
end of the year covered.

(3) Any person who disposes of PCB*
under a paragraph (ax9Kill) of this
section incineration or chemical waste
laad/illinf waiver shall five written
notice at least thirty (30) days prior to
conductinr the disposal activities to
the state and local governments
within whose jurisdiction toe disposal
is to take place.

(*> Tuting procedure* (1) Owners or
users of mineral oil dielectric fluid
electrical equipment may use the fol-
lowing procedures to determine the
concentration of PCBs in the dielec-
tric fluid:

(i) Dielectric fluid removed from
mineral oil dielectric fluid electrical
equipment may be collected in a
common container, provided that no
other chemical substances or mixtures
are added to the container. .This
common container option does not
permit dilution of the collected oil.
Mineral oil that is assumed or known
to contain at ieast SO ppm PCBs must
not be mixed with mineral oil that is
known or assumed to contain less than
50 ppm PCBs to reduce the concentra-
tion of PCBs in the common contain-
er. If dielectric fluid from untested,
oil-filled circuit breakers, reclosers. or
cable Is collected in a common contain-
er with dielectric fluid from other oil-
filled electrical equipment, the entire
contents of the container must be
treated as PCBs at a concentration of
at least 50 ppm. unless all of the fluid
from the other oil-filled electrical
equipment has been tested and shown
to contain less than SO ppm PCBs.

(ii) For purposes of complying with
the marking and disposal require-
ments, representative samples may be
taken from either the common con-
tainers or the Individual electrical
equipment to determine the PCB con-
cer.'.rauon. except that if any PCBs at
a concentration ol 500 ppm or greater
have been added to the container or
equipment then the total container
concents must be considered as having
a PCB concentration of 500 ppm or
greater (or purposes of complying
with the disposal requirements of this
subpart. For purposes of this subpara-
graph, representative samples of min-
eral oil dielectric fluid are either sam-
ples taken in accordance with Ameri-
can Society of Testing and Materials

method D-923 or samples taicen from
a container that has been thoroughly
mixed in a manner such that any
PCBs in the container are uniformly
distributed throughout the liquid in
the container.

(2) Ovmers or users of waste oil may
use the following procedures to deter-
mine the PCB concentration of waste
oil:

(I) Waste oil from more than one
source may be collected in a common
container, provided that no other
chemical substances or mixtures, such
as non-waste oils, are added to the
container.

(U) For purposes of complying with
the marking and disposal require-
ments, representative samples may be
taken from either the common con-
tainers or the individual electrical
equipment to determine the PCB con-
centration. Except, That If any PCBs
at a concentration of 500 ppm or
greater have been added to the con-
tainer or equipment then the total
container contents must be considered
as having a PCB concentration of 500
ppm or greater for purposes of com-
plying with the disposal requirements
of this Subpart. For purposes of this
paragraph, representative samples of
mineral oil dielectric fluid are either
samples taken in accordance with
American Society of Testing and Ma-
terials method D-923-81 or samples
taken from a container that has been
thoroughly mixed la a manner such
that any PCBs in the container are
uniformly distributed throughout the
liquid in the container.

• TC1.U SleragefertftaeeaaL
This section applies to the storm**

for disposal of PCBs at concentrations
of 50 ppm or greater and PCB Items
with PCB concentrations of SO ppm or
greater.

(a) Any PCB Article or PCB Con-
tainer stored for disposal before Janu-
ary 1. 1983. shall be removed from
storage and disposed of as required by
this part before January 1. 1984. Any
PCB Article or PCB Container stored
for disposal after January 1. 1983.
shall be removed from storage and dis-
posed of as required by Subpart D of
this part within one year from the
date when it was first placed mta stor-
age.



I ?•!.?• Ineintrvtion.
This section applies to facilities used

to Incinerate PCBs required to be in-
cinerated by this pan.

<a> Lteuid PCBt. An Incinerator used
(or incinerating PCBs shall be ap-
proved by an EPA Regional Adminis-
trator or the Assistant Administrator
for Pesticides and Toxic Substances
pursuant to paragraph (d) of this sec*
tion. Requests for approval of inciner-
ators to be used in more than one
region must be submitted to the As-
sistant Administrator for Pesticides
and Toxic Substances, except for re-
search and dtvelopratnt involving less
than 900 pounds of PCB material (see
1761.60UX3)). Requests for approval
of incinerators to be used In only one
region must be submitted to the ap-
propriate Regional Administrator. The
Incinerator shall meet all of the re-
quirement* specified In paragraph (a)
(1) through (9) of this section, units* a
waiver from these requirements Is ob-
tained pursuant to paragraph <dXS) of
this section. In addition, the incinera-
tor shall meet any other requirements
which may be prescribed pursuant to
paragraph <dX4> of this section.

(I) Combustion criteria shall be
either of the following:

(!) Maintenance of the introduced
liquids for a 2-second dwell time at
1200'aslOO'C) and 3 percent excess
oxygen in the stack gas: or

(II) Maintenance of the introduced
liquids for a 1 * second dwell timt at
1600*0 ±lOO'O and 2 perosnt ixesss
oxygen in the stack gas.

(2) Combustion efficiency shall to at
least 99.9 percent eoaputod is follows:
Combustion •ttMeacy*
Ccow'Cco,* On * 1M
where
Ceot«ConeentraUea of carbon dioxide.
Ceo-Conc*ntr»uon of carbon monoxide.

ITtl.Tt D«
(a) Any PCB Container to be decon-

taminated shall be decontaminated by
flushing the Internal surfaces of the
container three times with a solvent
containing less than SO ppm PCB. The
solubility of PCBs in the solvent must
be five percent or more by weight.
Each rinse shall use a volume of the
normal diluent equal to approximately
Un (10) percent of the PCB Container
capacity. The solvent may be reused
for decontamination until it contains
50 ppm PCB. The solvent shall then
be disposed of as a PCB in accordance
with I761.60U). Non-liquid PCBs re-
sulting from the decontamination pro-
cedures shall be disposed of In accord-
ance with the provisions of
1761.60(1X4).

(b) Movable equipment used in stor-
age areas shall be decontaminated by
swabbing surfaces that have contacted
PCBs with a solvent meeting me crite-
ria of paragraph U> of this section.

NOTE Precautionary measures should be
taken to ensure that the solvent mini
safety and health standards as reaulnd by
applicable federal regulations.
(44 IK 31543. May 31.19T».
47 PR 1HS7. May (.IMS)



TSCA COMPLIANCE PROGRAM POLICY NO. 6-PCB-2

Distillation, Solvent Extraction, Filtration,
and other Physical Separation Methods for PCBs

TSCA Section: 6(e)

ISSUE:

Does the physical separation of PCBs from liquids and solids require EPA
approval?

The phyhj.v-.il separation «T PCBs from liquids and solids requires an
approval if the use or disposal of these liquids and solids avoids, or is
alternative to, the disposal requirements that would have applied to the
original material before separation. An approval is required for physical
separation activities that can be construed to be part of, or an initiation of
a disposal activity. However, an approval is not required for physical
separation activities which process PCBs during authorized servicing
activities and reuse the processed materials in equipment authorized for
continued use in the PCB rules.

DISCUSSION:

The following example of the use of a physical separation technique is
applicable. Capacitors must be disposed of by incineration or by an approved
alternate method equivalent to incineration (40 CFR 761.70). It is theoreti-

cally possible to develop a capacitor disposal method the first step of which
is to separate the PCBs from the solid materials (e.g., solvent extraction).
The separation process, requires specific prior approval by the Regional

Administrator or Assistant Administrator for Pesticides and Toxic Substances

under seccion 76L.60(e) since it is part of the disposal method but is not



authorized under section 761.60. If such a method were successful in completely
removing ail detectable PCBs from the solids, the PCB-free solid materials
could later be salvaged without subsequent treatment or EPA approval. Although
the PCBs removed from the solid materials and any unprocessed materials require
incineration, it is also theoretically possible to obtain approval to use a

physical separation technique to remove PCBs from the liquid materials in a
similar manner.

In contrast, a permit is not required to service electrical equipment for
purposes of reducing PCB concentration. Physical separation techniques can be
used to service PCB-contalning electrical equipment as long as the processed
materials are ultimately returned to electrical equipment regulated under the
PCB rule. This type of servicing is authorized under 40 CFR 761.30(a).
Filtering PCBs from the dielectric fluid of transformers and returning that
fluid to the transformer is an example of this type of activity. Because the
processed liquids and solids are returned or reused in regulated equipment,
EPA controls the ultimate disposition of all the processed materials and no
disposal requirements are circumvented.

Without an EPA disposal approval, processed liquids and solids that
formerly contained PCBs must be treated as if they still contain PCBs and may
not be distributed in commerce without an exemption under section 6(e)(3)(B)
of the Toxic Substances Control Act (TSCA). Therefore, it is possible to
physically separate PCBs from liquids and solids without EPA approval as long
as these liquids and solids are treated (used, stored, disposed of, etc) as if
they still contain their original PCB concentration. The PCB residue which
results from physical separation activities, as well as any materials not
eventually reused in regulated electrical equipment, oust be disposed of in a
manner which complies with section 761.60.



TSCA COMPLIANCE PROGRAM POLICY No. 6-PCB-3

Residual PCBs in Processed Liquids and Solids

TSCA Section: 6(c)

ISSUE;

Are PCBs at concentrations less than 50 ppm in liquids and solids that
have been physically separated from higher concentration PC8 materials
regulated for the purpose of disposal?

POLICY;

PCBs at concentrations less than 50 ppm in liquids and solids that have
been physically separated from higher concentration PCB materials are
regulated as if they still contain the original PCB concentrations.

DISCUSSION:

A separator who is servicing electrical equipment may dispose of the
"heavy" PCB fraction according to 40 CFR 761.60 and return the "light"
fraction to the electrical equipment, in which case all materials are con-
trolled by the PCB regulation. In the alternative (if he intends to produce a
light fraction which will not be disposed of according to the PCB rule or
reused in electrical equipment), the separator must obtain a disposal approval
from either the Assistant Administrator for Pesticides and Toxic Substances or
a Regional Administrator under 40 CFR 761.60(e). Only after the light fraction
has been shown to contain no detectable PCBs, however, can the activity be

approved by EPA as a disposal activity and considered an unregulated material.
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ENVIRONMENTAL PROTECTION
AGENCY
WCFRPartttl

Momrrtoue Weate; Po>yeh*Of*ieitod
•Ipftenyt* (PCSefc Keapooe* to

Petition*
EnrlronmentaJ Protection

Nc^ of Response to Cittern'
Petitions.

•wr This notict rteponds to
atiseas' pttttiotu submitted by Citizen*
for Healthy Propera end Valley Watch
under tection 21 of (be Toxk
Substance* Control Act (TSCA) (IS
U.S.C 2820) and section 7004 of (he
Resource Conservation and Recovery
Act (RCRA) |42 U.S.C. M74).

Each TSCA petition is a request that
EPA exercise authority under TSCA
section 5(e) to prevent the construction
of a PCS disposal facility in Henderson,
Kentucky, pending the development of
additional information regarding the
health and environmental effects arising
from the operation of the proposed
facility. An applicntion for an approval

under TSCA sccnon 6(e) for ih:s
proposed PCB disposal facility is
pending before EPA Region IV.

As explained in Unit Ii. EPA is
denying the TSCA requests of both
petitions on two grounds: (1) EPA
cannot amend TSCA. as requested by
Citizens for Healthy Progress: and 12}
EPA does not have the authority under
section S|e) of TSCA lo issue a proposed
order to prevent construction of a
proposed facility when a proposed
process does not involve either a "ne*.v
chemical substance" or a "significant
new use" of a substance.

In addition. Valley Watch has
petitioned for rulemaking under RCRA.
seeking regulation of the Henderson
facility and. if possible, seeking to halt
construction and operation. EPA
regulations issued under RCRA impose
additional notice and comment
procedures which are applicable only to
RCRA section 7004 petitions. These
regulations require EPA to publish a
tentative decison to grant or deny the
petition, to solicit public comment on
that tentative decision, end then, to
issue end publish its final decision.

b this notice. EPA has tentatively
decided to deny the Valley Watch
petition under RCRA. The Agency
solicits public comment on this tentative
denial: interested persons may also
request an informal public hearing
regarding this tentative decision.

However, the Agency notes that it
intends to list wastes containing PCBs
as hazardous wastes under RCRA.
thereby subjecting PCB waste
management facilities to RCRA
regulation.
•flomistl. Copies of the pctitiona and
all related information are located in;
Document Control Office (TS-7W).
Office of Toxic Substances.
Environmental Protection Agency. Rm.
E-107.401 M SU SW, Washington. DC
20*60.

They are available for review and
copying from a a jn. to 4 pjn. Monday
through Friday, except legal holidays

Comments on EPA's Tentative
Decisions under RCRA and any requests
for an informal public meeting under
RCRA should be in writing and sent to
Francme Jacoff. Waste Identification
Branch (WH-362B). Office of Solid
Waste, Environmental Protection
Agency. 401 M St. SW_ Washington. DC
20460.
OATIC Comments on EPA'j Tentative
Decision under RCRA and any *Tit:en
requests for an informal public hear;-;
under RCRA should be sent to the a: j -e
address by Apr.l 25.19M.



642-1 Federal Rrpslor / Vol. 51. No 30 < Mur.duy. Ft-bruury 24. 1966 / Proposed Rules

FOft FUBTHEK INFORMATION (TSCA
PETITIONS) CONTACT: Edward
Klem. Director. TSCA Assii loncc Office
rTS-?99). Office of Toxic Substances.
Environmental Protection Agency. Rm.
E-543. 401 M St.. SW.. Washington. OC
2W60. Toll Free: (80O-424-9065). In
Washington. OC: (S54-14CM). Outside the
USA: (Operator-::02-5.<i4-1404).
SUPPLEMENTARY INFORMATION:

I. Background
A. Summary of Petitions

On November 20.1905. Citizens for
Healthy Progress (CHP) petitioned the
EPA under section 21 of TSCA to tike
action under section 5(e) of TSCA to
hell construction of a planned PCB
disposal facility in Honderson.
Kentucky. The petitioner asserts that the
Agency lacks sufficient information at
this time to make a decision on the
safety of the facility and that
construction of the facility should not be
allowed to occur until such information

.is available for the Agency to evaluate.
The petitioner argues that the fact that
funds have been expended for
construction of a costly facility could
bias the A$ency's.decision to permit or
not permit the facility in favor of the
applicant and could, therefor*, place the
public at unreasonable risk.

The CHP petition specifically requests
that the Agency "amend an order" under
TSCA section 5(e) by adding language to
paragraph (1)(A) of the TSCA section
5(e) which would, among other things.
enable the Administrator to isaue a
"proposed order" .to prohibit the
construction or completion of a facility
such as the one planned for Hcnderson.
Kentucky, pending the development of
information.

On December 9.1985. Valley Watch
(V\V) petitioned the EPA under section
n of TSCA to take action similar to ilia!
requested on November 20.1985. by
Citizens for Healthy Progress. Valley
Watch petitioned EPA under section
5(e). to issue either a "proposed order"
or an injunction which would prohibit
the commencement of construction of
the Henderson facility pending the
development of additional information.
Specifically. VW argues that the
authority to enjoin the construction of
the Henderson. Kentucky fjcil: 'y is
"inherent" in the authori ty reposed in
the Adminis t ra tor by TSCA section S(e)
to prohibit or limit activities involving a
new chemical substance pending the
development of informat ion . The Valley
Waich p e t i t i o n is premised upon the
belief that the Agency lacks information
with respect to tne health and
environmental risks posed by the
proposed PCB disposal facility, the

processes to be employed in the facility.
and the chemicals to be used and
manufactured in the facility. In
particular, the identity of and possible
risks associated with the material
known as "TF-1" appears to be at the
heart of VW's concern that insufficient
information is available regarding the
proposed disposal facility. VW asserts
that construction of the Henderson
facility should not occur until such time
•a this information is available and has
been subjected to reasoned evaluation
by the Agency.

In addition. Valley Watch petitioned
for the issuance of a regulation under
•ection 7004(a) of RCRA (42 U.S.C.
60?4(a)). The petition did not request
any specific rules or cite specific
provisions of RCRA as possible
authority for rulemaking but generally
sought regulation of the PCB facility in
Henderson under RCRA and, if possible,
a ban on construction and operation.
The basis for the petition is that there is
insufficient information available to the
Agency lo evaluate health and
environmental effects from the activities
at the facility. The Agency is treating the
RCRA request as a petition seeking
rulemaking under Subtitle C of RCKA
(Hazardous Waste Management).
B. TSCA Section 21

Section 21 of the Toxic Substances
Control Act (TSCA) provides that any
person may petition the Administrator
of EPA to initiate a proceeding for the
issuance of rules under section 4 (rules
requiring chemical testing), section 6
(rules imposing substantive controls on
chemicals), or section 8 (information-
fa thering rules). Also, section 21
authorizes a petitioner lo rtqoest tba
issuance, amendment, or repeal of
orders under section 5(e) (orders
affecting chemicals involved in
premanufacture notification) or section
6(b)(2) (orders affecting quality control
procedures). Section 21(b)(3) requires
that EPA grant or deny citizens'
petitions within 90 days of the filing of
the petitions (15 U.S.C 2G20(b)(3)).

If the Administrator grants a section
21 petition, the Agency must promptly
commence an appropriate proceeding. If
the Administrator denies the petition,
the reasons for denta! must be published
in thf Federal RC^IL-:.

If EPA denies tht petition, or fails to
grant or deny the petition within 90 days
of the filing date, the petitioners may
commence a civil action in a Federal
district court to compel the Apency to
ini t ia te the requested action. This suit
must be filed within 60 days of the
denial, or within 60 days of the
expiration of the 90-duv ocriod if the
Agency fails to grant or deny the

pennon within that period (IS U.S.C.
2620(b)(4J).

in the use of • section 21 petition
which requests an order which can be
issued under section 5(e). EPA may
issue such an order if EPA determines
that information is insufficient to
evaluate a subject chemical, and thai in
the absence of sufficient information.
the chemical may present an
unreasonable risk or. may cause
substantial or significant human or
environmental exposure (15 U.S.C.
W04(e)(l)(A)).
C. RCRA Regulations Governing
Citizens' Petitions

EPA regulations set out a process for
addressing petitions for rulemaking
under RCRA Subtitle C at 40 CFR 280-20.
They provide that the Administrator is
to issue for publication in the Federal
Regjstar a tentative decision to grant or
deny a petition and solicit public
comment on the tentative decision. That
notice may take the form of an advance
notice of proposed rulemaking. a
proposed rale, or a tentative decision to
deny the petition. Upon written request
of any interested person, the
Administrator may, at his discretion.
hold an informal public hearing to
consider oral comments on the tentative
decision. A person requesting a public
hearing must state the issues to be
raised and explain why written
comments would not suffice to
communicate the person's views The
Administrator may. in any event, decide
lo hold an informal public hearing on his
own initiative. After evaluating all
public comments, EPA is to make a final
decision by issuing for publication in the
Federal Resistor a regulatory
amendment or a final denial of the
petition.

This notice contains EPA's tentative
decision on the RCRA petition. A
aubaaquant Federal Register notice will
announce the Agency's final decision.
D. RaaanoM to TSCA Petition*

The Citizens for Healthy Progress and
Valley Watch petitions are motivated by
concerns that allowing the construction
of the Henderson PCB disposal facility
might bias the Agency's ultimate
permitting decision in favor of be
applicant. EPA addresses these
concerns in Unit III. However, in
requesting relief from EPA under TSCA
section 21. the petitioners rely
exclusively upon the remedies set forth
in TSCA section 5(e). Therefore, the
decision to grant or deny petitioners'
requests depends upon whether CHP
and VW have presented circumstances
which suggest the proper application of
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section 5(e) authority. EPA must deny (II
of petitioners TSCA requests because uf
congressionally mandated limitations on
the applicability of section 5(«)
authority. This unit set: forth the
reasons for these denials.
A. Request To Amend TSCA Section
3(e)

While phrased as a rcqu-st to "emend
•n order." the Citizens for Healthy
Progress in effect ask EPA to amend
TSCA section 5(e) by adding to
paragraph (1)(A) of section 5(e) language
which would enable the Adrr.mistmtor
to initiate necessary legs! proceedings to
prohibit construction of a facility
intended primarily for activities
involving a substance which EPA can
aubject to • proposed order.

EPA denies the CHP petition, because
EPA cannot amend TSCA. Any such
request should be addressed to
Congress, rather than this Agency.
P -qufttt for Issuance of Proposed

-, '- -T

The Valley Watch petition requests
that EPA iasue • TSCA section 5|e)
proposed order or injunction which
would prohibit construction of the
Hendtnon PCB disposal facility until
•ufTicient information is developed
regarding the health and environmental
effects associated with the facility.
Likewise, the Citizens for Healthy
Progress petition could be construed to
request the same relief.

When construed in this manner, both
the CHP and VW petitions must be
denied because the petitioners have not
alleged circumstances which would
trigger the availability of either a
proposed order or an injunction under
section 5(e).

t -proposed order" provision of
jn 5(e) docs not apply to allN~Chemical substances: rather, the

provision applies only to these chemical
substances with respect to which notice
is required by section 5(a). Section S(a)
requires persons who intend to
manufacture or import a "new chemical
suuatance," (or. who intend to
manufacture, import or process a
chemical substance in a "significant
new use") to notify EPA at least 00 days
before any such activity begins (15
U.S.C U04(a)(D)- TSCA defines a "new
chemical substance" in section 3-9) as a
substance not included on the inventory
compiled under secuon 8|b).

It is true that under TSCA section
5(a)(2). EPA has authority to designate
uses of chemical substances as
"significant new uses." But. such a
designation must be undertaken through
rulemoking after ETA has considered
the statutory factors enumerated in

section 5(d|i2). In this instance,
however, the components of TF-1 are
not "new chemical substances." Nor are
these components subject to any
"significant new use" rules.

EPA understands that the petitioners
are unaware of the precise nature of the
material identified as TF-1. This
circumstance arises from the claim to
business conf ident ia l i ty asserted by
Union Carbide under TSCA section 14
with regard to the composition of TF-1.
Nevertheless, EPA is aware of the
identity of Ihe TF-1 components, and
there is available to EPA a considerable
amount of information regarding the
effects of the TF-1 components. The
PCB disposal permitting process
(described in Unit III) enables the EPA
to consider comprehensively the
possible health and environmental
effects presented by the proposed
Henderson PCB disposal facility,
including the effects of TF-1.

EPA has determined that the
substances coirr ' .i.ig TF-1 are
contained on the section 8(b) inventory
of exisitine, chemical substances. Thus,
TF-1 is not composed of "new chemical
substances" subject to section 5(a)(l)(A)
premanufacture notification. Likewise.
Ihe use of TF-1 components as organic
solvents or dielectric fluids is not
currently subject to a rule designating
such uses as "significant new uses," and
thus, would not give rise to section
S(a)(l)(B) significant new use
notification. Because TF-1 and its
components are not subject to any
section #•] notification requirements.
TF-l cannot be the subject of a
proposed order under section 5fe)(l) or
an injunction under section 5(e)(2).
TSCA section 5 affords EPA the
opportunity to screen new substances
for their health and environmental
effects prior to their being manufactured
and introduced into commerce, but it
does not extend to other chemical
substances (such es those comprising
TF-1) unless a designated "significant
new use" is involved.

However, the CHP and VW petitions
do raise an issue of significance in the
PCB disposal permitting program:
whether construction of a PCB disposal
facility should be prohibited during the
pendency of the permitting review for a
disposal process.

While the peiitioners did not
specifically request that the PCB
disposal permitting process te altered,
the Agency believes that the
construction issue mend consideration
in this response. EPA has concluded that
the existing permitting process, which
allows construction of • facility prior !o
the granting of un approval, provides the
best assurance that a PCB disposal

process wi l l in fact achieve safe and
effective disposal of PCBs. As an
essential part of the permitting process.
EPA requires that PCB disposal facilities
be demonstrated to meet EPA s
regulatory requirements. Necessarily, a
facility must be constructed before it
can be demonstrated.

To aid in understanding EPA's
conclusion tha t the existing permitting
process should not be altered. EPA has '
included below a description of the PCB
disposal permitting process.
III. The PCB Disposal Permitting
Program Under TSCA
A. The Application and Review Process

EPA. under section tye} of TSCA.
issued regulations in the Federal
Register of May 31.1879 (44 FR 31514)
governing the disposal of PCBs and PCB
Items. These regulations, codified at 40
CFR 781.80 et seq.. contain requirements
for the disposal of PCBs and PCB Items
and detailed specifications that must be
met by incinerators, high efficiency
boilers, landfills, and alternative
methods of disposal in order to be
approved by EPA for the disposal of
PCBs and PCB Items. For example. 40
CFR 761.70 requires that incinerators
used for incinerating PCBs be approved
by EPA and meet specific standards for
dwell time, temperature, excess oxygen,
and combustion efficiency. In practical
terms, these incineration standards
mean that PCB incinerators must
achieve a destruction efficiency for
PCBs of 99.9999 percent. The owner
operator of a proposed facility is
required by EPA to submit an
application which contains information
on the location of the incinerator, a
detailed description of the incinerator.
including general site plans and design
drawings, engineering reports on the
anticipated performance of the
incinerator, the availability of sampling
and monitoring equipment and facilities,
estimates of waste volumes expected to
be incinerated, any local. State, or other
Federal permits or approvals, and
schedules and plans for complying with
the approval requirements (e.g.. the trial
bum requirement) (40 CFR /ei^OJd)!!)).

The owner or operator is also required
to subject the incinerator to a trial bum
and to submit to EPA a full plan for
conducting the tnal bum. EPA requires
trial bums to monitor destruction
efficiency and safe operation prior to
full permitting and commercial
operation. Monitoring data and results
from the trial burn are analyzed by EPA
to insure (ha t the applicant mee'.s the
regulatory- requirements regarding
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destruction efficiency and rifely (40
CFR 761.70;d)(2)).

EPA engineers uml scientist!) review
the material provided in the application
and the results of trial burns and make
determinations on whether the
incinerator meets the regulatory
requirements for effective and s*ft
destruction of PCBs (10 CFK

The proposed PCS disposal facility
which is the subject of the Citizens for
Mea'.thly Progress petition and the
Valley Watch petition is wh.-t El'A
terms an alternative method for PCB
destruction. Alternative methods of PCO
destruction include, but are not limited
to. catalytic dehydrochlorination.
chlorolysis, plasma arc. ozonation.
catalyzed oxidation, and microbiological
and sodium-catalyzed decomposition of
the PCB molecules.

MtC.zJs for decontamination of PCB-
contaminated materials by
concentration and removal of the PCBs
also are considered alternative methods
of PCO destruction. The planned
Henderson. Kentucky facility in an
example of an alternative method.
employing a physical separation
technique the particulars of which are
protected by a claim to business
confidentiality asserted by Union
Carbide under TSCA section 14.

The proposed PCD disposal facility in
Henderson, Kentucky would house
material and personnel necessary to
accomplish the physical separation of
PCBs from a solvent (which also serves
as a temporary dieiecthc fluid). The
solvent (hereafter referred to as TF-lJ is
then intended to be recycled for future
use and the PCBs will be shipped to an
EPA-approved PCB incinerator for final
destruction. _ _

For such an alternative method of PCD
destruction. EPA requires that this
method achieve a "level of
performance" or "destruction efficiency"
equal to or greater than rush
temperature incineration (40 CFR
7G1.60(e)). For physical separation
processes, the requirement of 99.9999
percent PCB destruction efficiency
translates into a requirement of
complete separation of the PCBs from
the solvent. The person proposing such
an al ternative disposal process must
d e m o n s t r a t e tha i a f te r separa t ion has
occurred, there are no PCBs present in
the solvent above the practical limits of
detection. This is demonstrated by
chemical analysis of the solvent a f te r
separat ion has occurred E"A requires
tnat ih» solvent contain less than 2 parts
per million (ppm) PCBs. which is the
lowest level of PCBs which is practically
detectable or measurable in me solvent.
Further. EPA requires tnat the proccm

L in a miir.ncr which will noi
present unreasonable risk to public
health or the environment.

In the first phase of the permitting
procedure for alternative methods of
destruction. EPA requires the
submission of an application. The
applicant must provide complete
information on thr proposed process,
including:

1. A description of the project
organization including persons
responsible for obtaining permits, the
project manager, facility manager, and
safety officer.

2. A description of waste intended to
be treated in the unit including the type
of waste to be destroyed (liquid or
solid), the proposed total waste and PCB
feed rates, and the matrix and
composition of the waste including
major and minor constituents, and PCB
content

3. A process enf ineering description
including process flow diagram, and
narrative description of the system,
description of the theoretical basis for
the destruction process, layout diagrams
and description* of the plant or mobile
unit; detailed engineering drawings,
intended location of the facility and
intended location when in storage.

4. A narrative description of the waste
feed system, description of waste
preparation, and estimate of waste
volume.

5. A description of the automatic
waste feed culuff system when process
conditions exceed normal bounds, a
description of the procedures to shut off
the waste feed line and whole process in
the event of an equipment malfunction.

& A narrative description of the
destruction system (e.g.. description of
chemical reactions, stoichlomctry.
reagents, catalysts, process design
capacity), and a list of products and by-
products and their concentrations.

7. A description of the pollution
control system for process effluents (air
emissions, liquid effluents, sludg*. solid
waste, etc.). design parameters, and
important operating parameters of the
pollution control system and how they
will be monitored.

8. A summary of process operating
parameters which lists target values as
well as tipper and lower boundaries for
all measured operating parameters,
instrument settings and control
equipment parameters.

9. A sampling and monitoring program
to monitor process operation and to
verify PCB destruction is equivalent to
or greater than 99 9999 percent.

10. Sampling procedures including an
explanation of the apparatus,
calibration procedures, and
maintenance procedures.

11. An. . lyt :L: i l pr(>ceu;:rcs t- ^ .
methods, instruments, etc.).

12. Monitoring procedures fm»:hods.
instruments, etc.).

13. A spill prevention control snd
countermeasure plan.

14. A safety plan.
15. A training plan.
1C. A demonstration test p'.a.-..
17. Test dsia or engineering

performance calculations.
10. Copies of other required permits/

approvals.
19. Schedule for operation.
20. A quality assurance pun.
21. A copy of the plant or facility

operational plan.
22. A closure plan for the facility.
A full description of what EPA *

requires of applicants for approval to
dispose of I*CBs is contained in
"Guidelines for f*** n«stniction Permit ' „
Applications and Demonstration Test
PUns" (April 16.1985).

Once EPA has received and evaluated
the information contained in the
application, a demonstration test of the
effectiveness and safety of the disposal
process is scheduled. However, if
technical information contained in an
application (or in an applicant's
demonstration test plan) indicates to
EPA that a process cannot achieve safe
and effective PCB disposal the
demonstration test will not be
scheduled, and the application proceeds
no further. Thus, there is conducted a
phased review of a proposed alternative
disposal process.

At the process demonstration test
EPA completes an audit of plant
operations, on audit of the laboratory
which will be routinely conducting N«
analyses of process samples, and takes
samples to verify independently the
effectiveness of the process. EPA
ensures that the process is operating in
the manner described in the application,
that the process is as effective as high
temperature incineration in destroying
PCBs (i.e. that the process meets the
9B.9999 percent PCB destruction
requirement), and that it is being
operated in a manner that does not
present unreasonable risks to public
health or the environment The process
demonstration test is critical to EPA's
evaluation of applications for approval
to dispose of PCBs under TSCA. EPA
will deny a permit if the applicant
cannot successfully demonstrate a
process.

Since ERA Headquarters began
reviewing applications in March of 1583
for mobile and alternative methods of
PCB destruction. EPA Headquarters has
receded 11 complete applications.
Demonstrations have been completed by
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the 11 applicants, and EPA hus ^rj
permits to operate to ' of the a p p l i c a n t *
Four of the eleven applicants that have
Tiled complet' applications and have
held demons:; it:on« hdve been denied
permits based on EPA's determination
that the process does not meet th;
required level of PCB destruction, or.
that it presents unreasonable ri«'-.s to
public heal th or :h? ervirorrne•:'.. S ."•?!>
put. the PCD destruction equivalency
criterion and the unreasonable risk
standard which govern the review of
alternative disposal processes assure *n
objective permit revtrw that is insulated
from concerns for the applicant's
financial commitments.

EPA agrees with the generol premise
that a proposed PCB disposal facility
should not be permitted under TSCA
until there has been conducted .1
reasoned evaluation of th? health and
environmental effects posettoy the

peration of such a facility. The Agency
relieves that a reasoned evaluation
requires that there i* sufficient
information available concerning the
proposed disposal process and the
substances involved in the process A
particularly valuable information
element is actual data on the
effectiveness of the alternative process
as demonstrated.

The description of the PCB permitting
process set forth above (and in much
greater detail in "Guidelines for PCB
Destruction Permit Applications and
Demonstration Test Plans" (April 16,
1985)). underscores EPA'* commitment
to conducting a thorough and reasoned
evaluation. Indeed, the TSCA permitting
process for PCB disposal requires a
great deal of information on proposed
^CB disposal facilities and requires that
Jie facilities meet standards for safety
and destruction efficiency prior to EPA
permitting.
B. Benefits of Existing Permitting
Process

It is true that prohibiting the
construction of a disposal facility before
the permitting evaluation has been
completed might avoid wasteful
expenditures on ineffective disposal
processes, and might also avoid any
appearance of bias in the permitting
review process. But. the Agency
believes that these concerns are
outweighed by the v a l u e of i'n!a;r.:nx
actual da ta to assess the safety and
effectiveness of PCB disposul processes.
Such data are par t i cu la r ly valuable in
the case of a proposed a l te rnat ive
method of disposal.

The approval process for altcrn.nu o
disposal methods wjj designed to
encourage new PCD tiispos.il
technologies which could l>e

demonstrated to be as effective as
inc inera t ion in their abili ty to destroy or
remove PCBs. Incineration capacity is
scarce, and the alternative technologies
hold out the greatest prospects for
assuring an adequate capacity for safe,
yet cost-effective disposal. While EPA
requires a demonstration test in the case
of e p"iposcd PCB incinerator, the
reasons for requiring a dcrr . j 's ' ra^ion
ure much more compelling who:; an
alternative disposal process is proposed.
Unlike an incinerator, for which the
dcsicn and operation conditions
required to accomplish PCB destruction
•re well established, the design and
operation parameters for an alternative
process arc not always amenable to
being prescribed by this Agency in
advance of actual demonsttd'.ion.
Because of the innovative nature of
these technologies, it is essential that
the safety and efficacy of thess
processes be thoroughly demonstrated
to the Agency prior to the issuance of a
permit The existing permit review
process assures that the Agency can
evaluate a disposal facility on the basis
of actual operations on a commercial
scale, rather than relying upon mere
"paper proof." theoretical yields, and
the like.

Moreover. It is demonstrably wrong
that the mere expenditure of funds for
the construction of a PCB disposal
facility influences the Agency's decision
to permit or not permit a facility in favor
of the applicant Rather, the efficacy of
PCB destruction and the "unreasonable
risk" determination are the crucial
considerations in the TSCA PCB
permitting decision. The PCB disposal
regulations contain objective destruction
criteria for evaluating the efficacy of a
disposal process, and these criteria,
combined with the process test
demonstration, assure • thorough and
unbiased evaluation. But as a practical
matter, construction of a facility is
necessary under the TSCA permitting
proeens before EPA can hold a
demonstration and then make a
determination whether the facility meets
the regulator)' requirements for disposal
of PCBs.

The current permitting process allows
EPA personnel to be on site at '.he trial
demonstration, and to take samples to
veri fy destruction effectiveness and
process safety. The Agency believes
t h i i t this process is the optimal
mechanism for assuring that the
npention of a process does nni prci>*ni
unreasonable riskc to public heal th or
the environment.

The exist ing permit t ing proccs<i
«T.couraftc the commitment of
considerable resources to the
const ruct ion onrt rtcmonvration of

TSCA disposal f a c i l i t i e s but EPA
believes t h a t t h i s r e v i e w p rocedu re 'j»s:
accomplishes tlie Ager.cy s ma.-.dai- to
protect human health ar.d the
environment, without u n d u l y ir.peJ:.-!?
innovation. Moreover, (he record c: EPA
denials of proposed disposal processes
shows that the permitting pioce«s is not
swayed by fdctors irrelevan' to the
regulatory standards govern.n?
approvals. For these reasons. EPA
would deny any request that the Agency
alter its PCB disposal permit t ing
program to prohibit construction of a
facility before an approval is issued
EPA believes that the existing permuting
process represents a reasonable
exercise of the discretion granted EPA
by Congress to prescribe dispose!
methods for PCBs under TSCA section

IV. Response to RCRA Petition
The VW petition seeks the issuance of

a regulation under RCRA which would
prohibit the construction and operation
of the Henderson facility. The Agency
has tentatively decided that V\\"s
petition for rulemaking under RCRA
should be denied.

RCRA hazardous waste regu!at:cr.s
do not currently apply to the Her.dcrsor,
facility. EPA regulates the generation,
transportation, treatment, storage, and
disposal (management; of hazardous
wnstos under Subtitle C of RCRA.
However, the management requirements
apply only to substances "identified" or
"listed" by regulation as hazardous
wastes. (See RCRA section 3001.«
U.S.C. 6921:49 CFR Part 281.) Therefore,
until a waste is identified or listed as
hazardous in a final regulation, the
management requirements of EPA's
regulations do not apply. Neither the
wanips coming to the Kenderson faci l i ty
nor any wastes generated in the PCB
disposal process have been listed as
hwrjrdous cr exhibit a characteristic of
ha/.jrdous waste (i.e.. igniiabil i ty.
C(. ' iTn«ivi ty . react iv i ty , or cvtr.-.-tioa
p*;icx-dure (EP) toxici ty) , based upon :h-:
iL'si.i performed by Union Carbide and
oilier information avai lable to EPA.

Petitioners have requested t h a t EPA
promulga t e RCRA reflat ions coveri '2
the 1 Irndcrson fac i l i t y , arguinp t h d t
there is insuff icient ir .forrrntion to
determine tr>«r heal th and environment*!
r i s k * from the faci l i ty . The pe t i t ion docs
no: prrtvirV ~nv informat ion on lh» r i s - «
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u( managing the was'.cs at the
Henderson fac i l i ty .

Under RCKA section 1004(5) (42
U.S C. 690:;5)) • hazardous waste
means a solid waste which because of
its quant i ty , concentration, or physical,
chemical, or infectious characteristics
may: (1) Cause or significantly
contribute to serious irreversible illness
o- ••- increase in mortality, or (2) pose a
suustantial present or potential hazard
to health or the environment when
improperly managed. To identify or list
such hazardous wastes and thereby
subject their management to RCRA
standards. EPA must possess or obtain
information on the hazardous nature of
the substances or evidence of
substantial risk if mismanaged. The
Agency generally conducts an industry-
Hide study to identify the different
wastes which are generated, how they
are managed, and the potentially
hazardous constituents in these wastes.
The Agency then gathers and evaluates
any loxicity data available on the
wastes and their hazardous
constituents.

EPA must make a decision to list or
not list a waste based upon its
consideration of several factors set forth
in the RCRA regulations (40 CFR
261.11(a)(3)). These factors include the
nature of the toxicity. the concentration
of the toxic constituent, the potential for
degradation into non-harmful
constituents, the degree of
bioaccumulation in ecosystems, the
persistence of the toxic constituent (or
degradation product), the potential for
the toxic constituent or degradation
product to migrate into the environment
and the plausible types of improper
management to which the waste could
be subjected. Should this analysis
suggest that listing is appropriate, the
listing must be accomplished through
rulemaking proceedings which require
the publishing of the proposed listing
rule, the opportunity for public comment
on the proposed rule, the consideration
of comments received on the proposed
rule, and the promulgation of a final
listing rule.

EPA has information on both PCOs
and TF-1 (and its constituents] and
intends to propose listing wastes
containing PCOs as hazardous wusle;
After oppor tuni ty for comment and
consideration of any comments. EPA
may promulgate the rule listing wastes
containing PCBs as hazardous wastes.
The Agency, in fact, tentat ively decided
10 propose this listing before the VVV
petition was received. (The primary
reason for deciding to regulate wastes
containing PCBs under RCRA was a
desire to regulate ull hazardous wusies

L_T.;:..\. Ft'.:.-.:jry M Igod / PrrpcsrJ F.-les

mcram Knf nnt unt/ Fnr lh» cli/ii-A f»«asmmunder the RCRA program, but not any
concern ihit these wastes were not
being properly monaped under TSCA
regulations ) Also, EPA is now
investigating several of the constituents
of TF-1 to determine their toxicity and
whether they should also be listed.

If EPA lists wastes containir.a . CHi as
RCKA hazardous wastes (as intended),
the Henderson facility probably will be
brought under RCRA jurisdiction at that
time. Whether the Henderson facility
will be regulated under RCRA depends
on whether the PCR waste listing covers
the wastes processed at the facility.
Based on EPA's very tentative plans, the
PCB waste listing regulation would
include the wastes managed by the
Henderson facility. However. RCRA
requirements will not apply to the
facility until the Agency lists PCBs as a
hazardous waste. Since listing of PCBs
has Hot yet occurred. EPA cannoi now
speculate as to which particular
management standards will apply to the
activities at the Henderson facility.

Because the Henderson facility is not
now subject to RCRA jurisdiction,
neither RCRA nor the RCRA regulations
prohibit construction or operation. EPA
could baa operation by regulation in
response to this petition only if EPA
found that wastes containing PCB or
constitutents of TF-1 were currently
within RCRA jurisdiction.

While RCRA and the RCRA
regulations require a permit before •
construction may commence, this
restriction applies only to waste
management facilities that are
constructed after a final listing
regulation has been issued for wastes
being managed at the facility (RCRA
section 3005(a). 42 U-S-C 6925(a); see
•Uo 40 CFR 270.10(f)}. Should the
Henderson facility ultimately receive a
TSCA section 6(e) approval to dispose
of PCBs. it would likely be constructed
and operating by the time the Agency
lists wastes containing PCBs as
hazardous wastes under RCRA. Thus,
the construction or operation of the
Hendenon facility would not be banned
by this provision of RCRA. Rather, at
such time as listing occurs, the
Henderson plant would likely be subject
to RCRA management standards
necessary to protect human health and
the environment for existing facilities
(i.e.. the "interim status" management
standards) (see 40 CFR Part 265). To
continue operation, the faci l i ty would
later be required to obtain t final RCRA
permit. Such a permit may require
compliance with management standards
more stringent than interim status
•tnnriurds I tec 40 CFK Purl 2M)

For the above reasons, the Agency
has tentatively decided to deny Valley
Watch's RCRA petition seeking the
issuance of a RCRA regulation.

EPA requests comment on all aspects
of this tentative decision under RCRA.
(Note, however, that (he decisions to
deny the TSCA section 21 petitions are
final Agency decisions). After
consideration of comments on its
tentative RCRA decision. EPA will make
a final decision, and will issue.it for
publication in the Federal Register.
V. Official Record for the Petition

The following documents constitute
the record for this action:

1. Citizen's for Heclthy Progress
Petition to the Environmental Protection
Agency, dated November 15.1965.

2. Valley Watch Petition to the
Environmental Protection Agency, dated
December 2.1005.

3. USEPA. "Guidelines for PCD
Destruction Permit Applications and
Demonstration Test Plans," dated April
10.1965.

4. Union Carbide Corporation. Public
Information Copy of Permit Application
for PCB Destruction Unit dated
November 21.19M (document available
•t OPTS Document Control Office.
Room E-107. Environmental Protection
Agency. 401M Street SW, Washington,
DC).

5. Union Carbide. Permit for PCB
Destruction (complete application),
dated November 21.19M (confidential
business information contained in this
document not available for public
viewing, but document filed for record at
OPTS Document Control Office. Room
E-201. Environmental Protection
Agency. 401M Street SW, Washington.
DQ.

6. Official rulemaking record from
"Polychlorinated Biphenyls (PCBs)
Manufacturing. Processing. Distribution
in Commerce and Use Prohibitions
Rule" published in the Federal Rcgisiar
Of May 31.1979 (44 FR 31514).

7. Official rulemaking record from
"Polychlorinated Blphenyls (PCBs):
Disposal and Making Final Regulation"
published in the Federal Register on
February 17,1978 (43 FR 71SO).

B. USEPA. Polychlorinated Biphenyls
(PCBs); Procedural Amendment of the
Approval Authority for PCB Disposal
Facilities and Guidance for Obtaining
Approval (48 FR 13181. March 30.19A3).

9. USEPA. document dated January ft.
198C. summarizing data reflecting
number of firms applying the PCB
disposal approvals, number of firms
conducing demonstrations, and number
of firms grunted approval*.



I. RECOMKENDATIONS FOR A POLYCHLORINATED BIPHENYLS (PCB§) STANDARD

The National Institute for Occupation*! Safety and Health (NIOSH)

recommend• that employee exposure to polychlorlnated biphenyls (PCBi) in

the workplace be controlled by adherence to the following sections. The

standard is designed to protect the health and provide for the safety of

employees for up to a 10-hour workday, 40-hour workweek, over a normal

working lifetime. The standard is measurable by techniques that are valid,

reproducible, and available to industry and governmental agencies.

Compliance with the standard should substantially reduce any risk of

reproductive or tumorigenic effects of PCBs and prevent other adverse

effects of exposure in the workplace. Employees should regard the

recommended workplace environmental limit as ths upper boundary for exposure

and make every effort to keep exposure as low as possible.

Evidence indicates adverse reproductive and tumorigenic effects in

experimental animals exposed to certain commercial PCB preparations.

Currently available information is not adequate to demonstrate that other

commercial PCB preparations do not have these effects. Should sufficient

information become available to indicate that the standard offers greater

or lesser protection from some chlorobiphenyl isomers or commercial

preparations than is needed, it will be considered for revision.

The Toxic Substances Control Act of 1976 (Public Law 94-469) required

the US Environmental Protection Agency (EPA) to prescribe marking and

disposal regulations for PCBs by July 1, 1977 (Federal Register 42:26563-

77, May 24, 1977). By this Act, the manufacture, processing, distribution



in coanerce, or use of PCBs in any but totally enclosed systems is to be

banned, effective 1 year after the date of its enactment, October 11, 1976.

Two years after the enactment date PCB manufacture is to be banned, and

processing and distribution in commerce are to be banned 2.5 years from

that date. However, the Act allows the Administrator of EPA to rule

otherwise if he finds that manufacture, processing, distribution in

commerce, or use in other than totally enclosed systems will not present an

unreasonable risk of injury to health or to the environment. The Act do«e

not affect use of equipment already containing PCBs in totally enclosed

systems, so that a potential for occupational exposure to PCBs will

continue to exist for many years as a consequence of their transportation,

installation, use, and disposal. The part of the Act specific for PCBe is

presented In Figure 1-1.

"PCBs" are defined for this recommended standard as commercial

preparations of chlorinated biphenyl compounds, including those

preparations which may be described as single isomers or classes of

isomers, such as Decachlorodiphenyl. Biphenyl and its monochlorinated

derivatives occurring in commercial preparations of PCBs shall be measured

along with the polychlorinated derivatives, and shall be treated la tale

standard as the polychlorinated components of the preparations.

"Occupational exposure to PCBs," is defined as working with PCS* or with

equipment containing PCBe that can become airborne or that can spill or

splash on the skin or into the eyes, or the handling of any solid products

that may result in exposure to PCBs by skin contact or by inhalation. The

term "PCB work area" is defined as an aree where there is occupational

exposure to PCBs. In areas where no occupational exposure to PCBs occurs,



but where PCBs are present in equipment in the workplace, adherence Is

required only to Section 8 (a).

Section 1 - Environmental (Workplace Air)

(a) Concentration

Occupational exposure to polychlorlnated biphenyls (PCBs) shall be

controlled so Chat no worker is exposed to PCBs at a concentration greater

than 1.0 mlcrogram total PCBs per cubic meter of air (1.0 jig/cu a),

determined as a time-weighted average (TWA) concentration, for up to a 10-

hour workday, 60-hour workweek.

(b) Sampling and Analysis

The recommended TWA occupational exposure linit for PCBs has been

determined to be the lowest reliably detectable limit by the sampling and

analytical methods recommended in this document. Environmental samples

shall be collected and analyzed as described in Appendices I and II, or by

any methods shown to be at least equivalent in accuracy, precision, and

sensitivity to the methods specified.

Section 2 - Medical

Medical surveillance shall be made available to all employees subject

to occupational exposure to PCBs.

(a) Preplacement or initial medical examinations for workers shall

include:

(1) Comprehensive medical and work histories wich special

emphasis on hepatic function, skin condition, and reproductive history.

3



(2) Comprehensive physical examination with particular

attention to the skin and to hepatic function including determinations of

serum glutamic-oxaloacetic transaminase (SCOT) and serum glutamic-pyruvic

transaminase (SGPT) activities. The responsible physician nay also wish to

obtain measurements of serum triglyceride concentrations or of other

indices of fat metabolism.

(3) A judgment of the employee's ability to use positive

pressure respirators.

(b) During examinations, applicants or employees having medical

conditions that could be directly or indirectly aggravated by exposure to

polychlorinated biphenyls or formulations containing polychlorinated

biphenyls shall be counseled on the increased risk of impairment of their

health that might result from working with these substances.

(c) Women in the work force who are of child-bearing age shall be

advised of the potential adverse effects of PCBs on the unborn child.

Those who bear children while working with PCBs shall be counseled

concerning the advisability of nursing their babies.

(d) Initial medical examinations shall be made available to all

workers as soon as practicable after promulgation of a standard baaed on

these recommendations.

(e) Periodic examinations shall be made available at laaat

annually and Include: (1) interim medical and work histories, and (2)

physical examinations as outlined in paragraphs (a)(l) and (a)(2) of this

section.

(f) If evidence of adverse effects of exposure to PCBs is

suspected or confirmed, appropriate medical care shall be made available to

the affected worker(s).

4



but where PCBs are preaent in equipment in the workplace, adherence Is

required only to Section 8(a).

Section 1 - Environmental (Workplace Air)

(a) Concentration

Occupational exposure to polychlorinated biphenyls (PCBa) ahall be

controlled ao that no worker la expoaed to PCBa at a concentration greater

than 1.0 microgram total PCBa par cubic meter of air (1.0 ug/cu m),

determined aa a time-weighted average (TVA) concentration, for up to a 10-

hour workday, 60-hour workweek.

(b) Sampling *nd Analyaie

The recommended TWA occupational expoaura limit for PCBa haa been

determined to be the loveat reliably detectable limit by the aanpling and

analytical method! recommended in thia document. Environmental eamplea

ahall be collected and analyzed aa described in Appendicea I and II, or by

any methods shown to be at leaat equivalent in accuracy, precision, and

sensitivity to the methods specified.

Section 2 - Medical

Medical surveillance ahall be made available to all employees subject

to occupational exposure to PCBa.

(a) Preplacement or initial medical examinations for workers ahall

Include:

(1) Comprehensive medical and work histories with special

emphaais on hepatic function, akin condition, and reproductive history.



(b) Potting

Warning placards shall be affixed in readily vieible location! in or

near PCS work areas. The information contained thereon thall be arranged

a* in the folloving example.

POLYCHLORINATED BIPHENYLS
(PCBi)

DANGER:
CANCER SUSPECT AGENT

AUTHORIZED PERSONNEL ONLY
Do not enter unless area is adequately ventilated.

Do not get in eyes* or on skin or clothing.

First Aid; In case of skin or eye contact, flush vith running water.

Section 4 - Personal Protective Equipment and Clothing

(a) Protective Clothing

In any operation where workers Bay cnme into direct contact with

PCBs, protective clothing impervious to PCBs shall be worn. Cloves, boots,

overshoes, and bib-type aprons that cover boot tops shall be provided when

necessary. Protective apparel shall be Bade of materials which most

effectively prevent skin contact with PCBs where it is Best likely to

occur. Employers shall ensure that all personal protective clothing is

inspected regularly for defects and that it is in a clean and satisfactory

condition.

(b) Eye Protection

Chemical safety goggles, face shields (8-inch minimum) with goggles,

or safety glasses vith side shield* shall be provided by employers and

shall be vorn during any operation in vhich PCBs are present. If liquid or



(g) Pertinent medical records shall be maintained for all

employees exposed to PCBs in the workplace. Such medical records shall be

maintained for the period of employment plus 30 years. These records shall

be made available to the designate'4 medical representatives of the

Secretary of Health, Education, and Welfare, of the Secretary of Labor, of

the employer, and of the employee or former employee.

Section 3 - Labeling and Posting

All labels and warning signs shall be printed both in English and in

the predominant language of non-*>.glish-reading workers. Illiterate

workers and workers reading languages other then those used on labels and

posted signs shall be otherwise informed regarding hazardous arees end

•hall be informed of the instructions printed on labels end signs.

(a) Labeling

The following warning label shall be affixed in a readily visible

location on PCB-processing or other equipment, and on PCB-storage tanks or

containers:

POLYCHLORINATED BIPEENTLS
(PCBs)

DANGER! CONTAINS POLYCHLORINATED BIPHENYLS
CANCER SUSPECT AGENT

Use only with adequate ventilation.
Do not get in eyes, or on skin or clothing.

First Aid: In case of skin or eye contact, flush with running water.



PCB TRANSFORMERS AND
THE RISK OF FIRE



The greatest danger from a fire usually is not
the flames or the heat but the smoke and
gases given off from burning substances. The
burning of chemicals as toxic as PCBs
(polychlortnated biphenyls) produces gases
which are particularly dangerous.

individuals may be exposed to PCB gases if
a fire occurs in or near an electrical
transformer which uses PCBs in its insulating
fluid.

If you are the owner of a commercial
building, you have a special responsibility to
reduce the threat to the health of your tenants
and local fire fighters that could stem from a
fir* in or near a PCB transformer (A
c nercial building is a non-inaustrial .

"' bunding—such as an apartment house,
school, meeting hall, or store—which is
typically accessible to the general public.)

PCB electrical transformers were
manufactured between 19Z9 and 1977. An
estimated 77,000 PCB transformers are in use
in this country today. Only about 18.000 of
these are owned by utility companies. The
great majority of PCB transformers belong to
building owners.

U.S. Environmental Protection Agency
regulations now require owners of PCB
transformers to take specific actions to help
ensure the public safety.
Do You Own a PCB Transformer?
As a building owner, you need to know if you

he electrical transformers) for your
sending. If you are uncertain, contact your
local utility company. If the utility does not
own the transformer in your building, then
you do.

If you own the transformer in your
building, your next step is to determine if it
contains PCBs.

The tranformer will be in or near the
building it serves. It may be on the roof, in
the basement, in the parking lot. on an
ixterior wall, in a vault under the sidewalk.
or in some other location close to where the
power cables enter the building.

Generally, a transformer will have a
nameplate attached to one side of the unit.

Trade Name
THREE PHASE TRANSFORMER 08692747008

PUNWMt
trmox. WBCMTS M tomes
WWN UNTAMONG |
TMKMRTTMG
OK
TOTAL

Since PCBs were marketed under different
trade names, the nameplate on a PCB
transformer may not carry the specific term
"PCfls." Trade names for PCBs include:

Chlorextol
EEC-18
Kennechlor
AWtol
No-FUmoI
Arodor
Aalcanl

Phenodor

Pyranol
Chlopben
Pyraiene
Non Flammable Liquid
Fender
Solvol
Sel-T-Kuhl
DK

If the nameplate says "PCBs" or any of the
names on the above list, then the transformer
most likely contains PCBs in concentrations
of between 600.000 and 700.000 parts per
million (ppm). Any transformer containing
PCBs at a concentration of 500 ppm or greater
is subject to the new EPA regulations listed
below.

Should your transformer's nameplate not
carry any of the above labels, or if the label is
missing or illegible, your utility company
may be able to tell you if the transformer
contains PCBs. Otherwise, the only way to be
certain is to have the fluid tested.



New Requirements
For some time, regulations have been in effect
which govern the use. servicing, and disposal
of PCB transformers The recently issued rule
described here applies to all PCB transformers
in commercial buildings and establishes strict
requirements for the owners of those
transformers.
• Installation of PCB transformers in, or near,
commercial buildings is prohibited.
(Although PCBs are no longer manufactured
for use in transformers, many PCB
transformers are currently in storage for
reuse.)
• Owners must register PCB transformers
with their local fire department.
• Utility companies that own PCB transformers
located in or near commercial buildings must
register the transformers with building owners
as well as with their fire department.
• PCB transformer areas, excluding grates
and manhole covers, must be marked.
• Combustible materials cannot be stored
within a PCB-transformer enclosure or within
five meters (approximately 16 feet) of an
unenclosed transformer.
• Owners of PCB transformers which are
involved in a fire must report the incident
immediately to the U.S. Coast Guard National
Spill Response Center by calling
800-424-8802 toll-free. (In the Washington,
DC metropolitan area, call 426-2675.)
As of October 1. 1990:
• The use of PCB units that EPA believes
have a relatively high probability of electrical
failure is prohibited.
• Improved electrical protection must be
installed on other PCB transformers to avoid
fires caused by electrical faults.

It is critically important that commercial
building owners register PCB transformers
with local fire departments or brigades. PCB
fires pose serious risks to building occupants
and fire fighters. If fire fighters and other
emergency personnel know they may be
dealing with PCBs. they can be prepared and
equipped to deal with the fire. Both fire
fighters and building owners also should be
aware of the need to quickly evacuate
occupants in an emergency situation, and of
the need to insure that proper and adequate
cleanup occurs prior to reoccupation of the
building.
A Serious Hearth Concern
EPA's regulations covering transformers are
pan of a series of rules the Agency has issued
in recent yean to protect the public from
PCBs. There are a number of advene health
effects associated with these chemicals. Tests
on animals show that PCBs can harm
reproduction and growth, and can cause skin
lesions and tumors. When PCB dielectric
fluid is partly burned—as it may be in a
tranformer fire—the PCB fluid produces
by-products, which include polychlorinated
dibenzodioxin and polychlohnated
dibenzohirans, that are much more toxic than
the PCBs themselves. Tests on rats show that
furans can cause anemia and other blood
problems. Dioxin is associated with a number
of health risks, and has been shown to cause
cancer of the liver, mouth, adrenal gland, and
lungs in laboratory animals.
For Mont Information
If you need help in complying with the new
regulation, please contact your nearest EPA
Regional Office (see back cover). For more
information about the transformer regulation,
or other EPA rules controlling PCBs, write to
the Office of Toxic Substances (TS-799), U.S.
EPA, Washington, DC 20460. or call that
office toll free at 800-424-9065 (in
Washington. D.C., call 554-1404).



APPENDIX 5. AIR EMISSIONS, ORDINARY OPERATIONS



APPENDIX 5 Ordinary Operations Air Model.
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APPENDIX 5 Ordinary Operation* Air Model (continued).
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APPENDIX S (hdinary Operations Air Model (continued).
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APPENDIX 5 Ordinary Operations Air Model (concluded),

33:37.340 4I66&.672
V AXIS <A7iflUTH BEARING, DEGREES I

5JOOO.OOO

- GRID SV3TEM hECEPTORE; •
X A1IS (RANGE , METERS) -

- CONCENTRATION -

337. 500
71 5. ."00
?92.5<.'0
270. (.00
2-47. S'«>
::s. MI
202. 5 A)
130. MJ
157.500
135. •'.!:<0

IS2.S-30
9y.(nXi
67. -M
<5.'̂ iO
22.-JUO
0."<Xi

U.X'aOE-04
0.5795E-W
0.46I4E-C4
0.9542E-04
0.3936E-04
('.549IE-04
0.4I53E-04
0. 1047E-C3
0.164IE-03
(..I456E-03
0.i499E-03
0.t.'24E-04
0.59B6E-04
0.il32t-M
0.3465E-44
0.9694E-04

0.37&4E-04
0.4322E-04
0.3436E-('4
0.7I36E-04
O.M92E-04
0.4110E-04
0.3106E-04
0.782^-04
O.I232E-03
0. IB44E-03
O.I123E-03
0.6SI8E-04
0.447IE-04
0.4576E-04
0.2576E-04
0.7228E-04

0.2962E-04
0.3466E-04
0.2704E-04
O.SA34E-04
O.S289E-04
0.3247E-04
0.2452E-04
0.61706-04
0.9745E-04
O.I459E-03
0.6877E-04
0.5140E-04
0.3527E-04
0.3A07E-04
0.2026E-04
0.5696E-04
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APPENDIX 6. TORNADO EFFECTS

Reprinted from: U.S. Oepc. of Commerce
Weather Bureau
Technical Paper No. 29
Tornado Occurrences in the United States
Washington, D.C. 1960
pages 8-10

Because of the erratic behavior and intense forces demonstrated by
tornadoes, many unbelievable and freakish occurrences have resulted during
their passage. The furious winds of a tornado turn normally harmless objects
into missiles of great penetrative power. Frequently, reports show that
boards or even stalks of straw were driven into tree trunks, posts, and
sides of buildings, huge trees were ripped from the earth and hurled hundreds
of miles, persons were lifted into the air and carried for distances, and
chickens were cleanly plucked of their feathers but unhurt. Other reports
tell of fine dirt, stones, and bits of leaves being driven into the flesh
of persons exposed to the wind, and clothes saturated with mud under similar
conditions are said to be almost impossible to clean.

The terrific force and lifting power of the whirling tornadic winds
are shown in the following descriptions. On April 16, 1879, a tornado at
Walterboro, S.C., lifted a hickory .tree, measuring 54 inches in circumference,
out of the ground and moved it 10 feet up a bank; geraniums blooming in pots
were found by the owner 1 mile away undamaged. At Marshall, Mo., an ice
chest weighing 800 pounds was carried a distance of several miles on April 16,
1880. After the St. Louis, Mo., tornado of May 27, 1896,a 2x4-inch scantling
was found protruding several feet through iron 5/8 inch thick on the Eads
Bridge; wheat straws were found forced into a tree trunk to a depth of over
1 inch; and a 6x9-inch timber was driven 4 feet almost straight down into
the hard ground. Following the tornado of November 10, 1915, at Great Bend,
Kans., an iron water hydrant was discovered full of wooden splinters. The
force of the wind at Fergus Falls, Mlnn., on June 22, 1919, split a huge
tree, hurled an automobile into the split, and closed the opening in the
tree, holding the automobile as if it were in a vise. After the tri-State
tornado of March 18, 1925, a large plank several feet long was found driven
horizontally into a tree trunk so firmly that the far end could support a man's
weight without loosening it from the tree; at Griffin, Ind., a piece of wall-
paper about 2X3 inches was observed driven edgewise into the southwest side
of a box elder tree about 6 feet above ground. At Nashville, Tenn., on
March 14, 1933, a 2x4-inch timber was plunged through a panel door, without
causing the slightest splitting or splintering and fit the opening perfectly;
another plank, measuring 1x6 inches was forced through the trunk of a sturdy
tree, splitting the tree in half. On July 4, 1956, at Edison, Nebr., lX8-inch
boards were driven into the ground in a straight line as if measured and placed
there.

The powerful force of the rotating winds was shown in the tornado on
May 27, 1931, at Moorhead, Mlnn., when farm implements of heavy iron and steel
were twisted beyond recognition; at Nashville, Tenn., on March 14, 1933, when
a high tension tower was bent to the ground in a tangled mass without breaking



loose from its concrete moorings; and on April 6, 1936, at Gainsville, Ga.,
when a telephone pole was so twisted it resembled a huge corkscrew but still
remained upright. On June 12, 1957, a tornado at a Dallas County, Texas,
airport struck a steel hanger built to withstand winds up to 120 m.p.h., and
pulled the concrete piers from the ground. During the tornado of June 22, 1919,
at Fergus Falls, Minn., a trunk containing clothing was carried from one house
and deposited in the attic of another two blocks away, and when found was
undamaged. Galvanized roofing was carried 50 miles from La Plata, Md., on
November 9, 1926. On May 7, 1927, a 5-ton caterpillar tractor was turned over
and rolled 500 feet at Hutchinson, Kans.; a span of steel highway bridge near
Medicine Lodge, Kans., was blown downstream for 100 feet. At Gothenberg,
Nebr., on June 24, 1930, two concrete blocks, weighing 2,000 pounds each, were
torn from their fastenings and moved several feet. The courthouse bell,
weighting nearly a ton, was carried 350 yards in the Gainesville, Ga., tornado
on April 6, 1936, and portions of a huge sign which extended across a Gaines-
ville mill were found at Easley, S.C., over 85 miles away.

Clothing and other small articles have bean recovered many miles away from
the scene of the storm. An unmalled letter and check which had evidently been
blown from Great Bend, Kans., on November 10, 1915, ware found 85 miles to
the northeast. An insurance policy from a hoaa in Marion County, Ala., was
blown into Lauderdale County, a distance of 75 miles during the tornado of
April 20, 1920. A picture postcard bearing an Orestes, Ind., address was
recovered on April 17, 1922, at Mt. Cory, Ohio, 124 miles away, torn at one
corner, but otherwise in good condition. After the trl-State tornado of
March 18, 1925, a pair of trousers with $95 in tha pocket was picked up 39
miles away, and a check and calling card ware carried 125 alias. An old
postcard which had been kept in a trunk at Gainesville, GA., was found, fol-
lowing the April 6, 1936, tornado, at Liberty, S.C., 80 miles distant. Pieces
of stationery from Gainesville were picked up at Easlay, S.C., over 85 miles
away. A letter was carried 100 miles by a tornado in Pennsylvania on
June 23, 1944. Various objects were reported to have bean carried 90 miles
from their original position at Corn., Okla., on June 8, 1951. A government
bond from Kay County, Okla., was found at Williamaburg, Kans., ovar 100 miles
away, following tha April 2, 1956 storm. Another government bond and eight
$100 bills were found intact many miles away In an envelope bearing an El
Dorado, Kans., address, following tha tornado of Juna 10, 1958. On April 3,
1956, a package of knitting products from a wrecked Berlin, Wis., mill was
recovered undisturbed 35 miles northward; a package of papers was found 75
miles to the north-northeast and a carton of deer hides was recovered 60 miles
northeastward. Debris from the Elckman Mills, Mo., tornado of May 20, 1957,
was found 180 miles distant. A jar of fruit was reported to have been carried
a long distance from Wllkes Barre, Pa., on August 19, 1890, and when found was
undamaged, except for the porcelain lining of the cover.

There are a number of instances on record of human beings and animals
being whisked up from the ground and carried through the air for varying
distances. A farmer was picked up, carried 150 yards, and put down without
serious injury on May 12, 1896, at Elkhorn, Nebr. During the tri-State
tornado of March 18, 1925, 16 pupils were blown 150 yards into a field from a
country school and none were killed. On April 9, 1947, as a man opened the door
of his home near Higgins, Tex., the door was torn loose from his grip and he
was picked up by the wind and carried for 200 feet over the tree tops.



On November 4, 1950, in Pennsylvania a woman was carried 30 feet; on July 6,
1954. a Harding, Minn., farmer was lifted 40 feet and dropped to the ground
unhurt; at Collinsville, 111., on May 3, 1958, a man was carried 50 feet,
and another was carried 100 feet at St. Martin, Minn., on June 4, 1958. Also
during the tornado at El Dorado, Kans., on June 10, 1958, a woman was sucked
through a window, blown 60 feet, and beside her was found a broken record
entitled "Stormy Weather." An automobile with 2 passengers was carried 100
feet and dropped right side up without injury to the passengers on April 18,
1955. near Lanark, 111.

Railroad trains have also been damaged and derailed by the wind force
during the passage of these storms. On June 22, 1919, the Great Northern
Limited was traveling at about 30 to 40 m.p.h., when the tornado at Fergus
Falls, Minn., struck the baggage car behind the tender, throwing 7 of the
11 coaches from the rails. The baggage car was torn from the train and set
down about 30 feet from the rails at right angles. The tornado of May 27,
1931, at Moorehead, Minn., crossed the Great. Northern Railroad track, strik-
ing the "Empire Builder" at right angles. One 83-ton train coach with 117
passengers was lifted from the rails, carried through the air, and laid in
a ditch 80 feet away, with only one death resulting when a passenger was
hurled through.the window and crushed beneath the coach. Other coaches
were torn loose from the engine and pulled from the rails. On September 4,
1941, freight cars loaded with coal and weighing 80,000 pounds each were
overturned near Minneapolis, Minn. At Gage, Okla., a train of 82 cars
was truck by a tornado on June 21, 1958; 17 of the cars ware derailed and
ISO feet of track torn out.

Freakish and awesome stories are frequently reported in connection with
the passage of tornadoes. In the town of Peggs, Okla., only one building
was left undamaged by the tornado of May 2, 1920. It was the wooden, one-story
jail, and not 30 feet away a concrete building was left in utter ruin. On
July 2, 1924, 8 inches of snow, whirh seemed to come from-a funnel cloud,
covered an area of 20 square feet near Uabash, Ind. Small fish, crayfish, and
tiny frogs fell during a shower of rain in a tornado associated with the
passage of a hurricane In Alabama on June 28, 1957. On November 10, 1915,
during the Great Bend, Kans., tornado, a dresser was splintered, but its
mirror was carried some distance and set down unbroken against a fence. At
Fergus Falls, Minn., on June 22, 1919, a buffet was moved 2 feet from the
wall without breaking a dish, although all other furniture was in splinters and
the house so badly damaged, it was unsafe to enter. A similar story is told
of the February 1950 tornado which scattered the roof and parts of a Shreveport,
La., home over a half-mile area, but left the floor intact on which was a china
closet filled with dishes, none broken. An incident of the Gainesville, Ga.,
storm of April 6, 1936, was told of three small boys who rushed under the
front steps of their home in terror as the storm's roar approached. The
house and all foundations were blovn away, leaving only the front steps and the
little boys frightened but unharmed. An awesome story is told about a boy
who was found with a dozen splintered sticks protruding from his chest after
the El Dorado, Kans., tornado of June 10, 1958.

mere have been incidences of several tornadoes striking the same area
within a snort space of time, namely; at Austin, TX., on May 4, 1922, two at
a 30-minute interval, and at Baldwyn, Miss., on March 16, 1942, two 25 minutes
apart. In Ellis County, Okla., a destructive tornado occurred on April 9, 1947,
and on May 31, another tornado passed over the same area. Due to the extensive



destruction resulting from the first storm, further damage from the second
was negligile as very little was left to destroy. The town of Codell, Kans.,
was struck in three successive years, 1916, 1917, and 1918, and each time on
May 20 and at about the same hour of the day.

In some instances damage by tornadoes may result at treetop or housetop
levels, indicating that the cloud did not completely reach the earth's
surface. This characteristic was very ncticeable in two great tornadoes, one
at Louisville, Ky., on March 27, 1890, and the other at St. Louis, Mo., on
May 27, 1896. In the majority of cases damage was confined to upper floors,
and most wrecked buildings owed their destruction to the collapsing of their
walls from the weight of debris of ruined upper levels. At St. Louis, nearly
all trees in Lafayette Park were broken and twisted off at an elevation of
about 30 feet. Reports of more recent years show the concentration of damages
above the ground level in the following tornadoes:

April 16, !?*'• - Ft. Valley, Ca.- $2,000 damage at rooftop level.

May 10, 1954 - East Hartland, Conn. - $1,000 damage at treetop levels.

June 20, 1954 - Grand Island, Nebr. - $3,000 damage to upper parts of
higher buildings.

July 19, 1954 - Kingsland, Ark. - $1,000 damage to tops' of houses.

July 12, 1955 - Terrytown, Nebr. - Damage (not estimated) to roofs and
treetops.

February 25, 1956 - Cedarville, Ohio - Overhead at elevation sufficient
to tear roofs from houses, damage $250,000.

July 21, 1956 - Collinsville, Okla. - Slight damage as funnel reached to
100 feet of ground.

April 22, 1957 - Kingfisher, Okla. - passed just above ground, damage
$100,000.

May 12, 1957 - Carnegie, Okla. - slight damage and funnel reached to
rooftop level.

June 12, 1957 - Tuscola, 111. - slight damage at treetop level.

July 1, 1957 - Tulsa, Olka. - dipped to treetop level, damage $20,000.

August 14, 1957 - Hanson, Okla. - about 20 feet above ground, no estimate
of damage.

July 29, 1958 - Worcester to Shrewsberry, Mass. - slight damage at
treetop level.
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APPENDIX 7.

This appendix presents an explanation of the methods,
assumptions, input data and probability model used to assess
the risk of Henderson County Airport flight operations to the
Unison PCB separation facility. Methods employed to assess
this risk were developed by Sandia National Laboratories, a
specialist in the aircraft accident probability field. Sandia
has produced aircraft crash probability models for risk analyses
on a variety of facilities, including weapons storage and assem-
bly areas (U.S. Navy 1985; Smith 1983) and nuclear power gen-
erating plants (Solomon 1975).

The model used in this analysis was taken from a study conducted
by the U.S. Navy to analyze the statistical probability that an
aircraft operating from the St. Mary, Ga., Airport could crash into
a ballistic missile assembly and storage facility at the King's
Bay Nuclear Submarine Base (U.S. Navy 1985). This model was
chosen due to the following similarities between the St. Marys
Airport and the Henderson County Airport:

1. Both are general aviation airports.
2. There is no commercial air traffic at either airport.
3. Both are open to the public.
4. Both lack a control tower.
5. Both have only one runway.
6. Runway lengths are comparable (5000* and 4800').

While the Henderson County Airport has more flight operations
per year than the St. Marys Airport, this difference is accounted
for in the probability model.

The probability model used in this analysis is of the form:

P- Ax[NTx5(10"6)e-r/1'6e-e/12 + NLx5.3(10"7)e-r/1•6e"e/22'2]
r r

where
P » The probability per year of an aircraft crash into a selected

structure.
A = The effective plant area (in square miles).
NT = Number of takeoffs per year.
NL = Number of landings per year.
r = distance (in miles) from the end of the runway to the facility.
% = The angle (in degrees) between the center line of the runway

and a line from the end of the runway to the facility.

The effective plant area (Cornell, 1973) is the sum of the true
plant area (Ap), the shadow area (As), and the skid area (Asx).
Ap is the actual area occupied by the facility. As is that area
covered by the shadow of a building due to an incident angle of
15°, which is the assumed aircraft impact, angle (Solomon, 1975).
For a rectangular building of width a and height b,

As = a x b
tan 15°



A8K accounts for an aircraft crashing in front of a building and
bouncing or skidding into it. A typical skid distance of 300
feet was used (Cornell, 1973). For a building of width a,
Ask a a x 300.

The Unison facility does not have a rectangular profile, due
to the refractory column extending through the roof of the process
building. Therefore, it was necessary -to divide the building
into 3 rectangular sections (see Figure 5.2.4.1), compute the
probability of a crash into each section, then sum those probabilities
to obtain overall risk. See Table 5.2.1.4 for effective plant
areas for the 3 parts of the Unison facility.

NT and NL were based on the number of operations at the Henderson
County Airport for 1985. In the Henderson County airport 10 year
plan (1975 - 1985), it was estimated that there would be about
35,000 operations at the airport in 1985. However, there were
only 22,000 actual operations in 1985. The new 10 year plan for
the airport has not been submitted at this time, so that figure
was used as a basis for determining N<p and NL« On average, only
half of the operations at the Henderson County Airport could potentially
impact the Unison facility: landings towards the west and takeoffs
towards the east. This results in 11,000 operations per year,
with potential for impact, of which, half are assumed to be
takeoffs and half are landings. Values for NT and NL are thus
5500 each.

The distance (r) from the east end of the runway to the Unison
Facility is 1.0 miles. The angle (3) between the centerline of
the runway and a line from the Unison facility to the east end of
the runway is 14°.

Applying the above input data to the probability model for each
of the three sections of the Unison facility results in the
probabilities listed in Table 5.2.4.1. The sum is 1.33 x id"5, which is
the probability per year that an aircraft operating from the Henderson
County Airport will crash into the Unison facility.



TABLE 5.2.4.1

Building Division r 0

1 1 .0 mi 140

2 1 .0 mi 14«>

3 1 .0 mi 140

Total

A

4.22 x

1.03 x

1.03 x

Crash

crash
probability

10-" mi2

10-3 mi2

10-3 ml2

Probability

2.27 x

5.50 x

5.50 x

1.33 x

10-6

io-6

10-6

10-5

FIGURE 5.2.4.1

This is a schematic of the profile of the Unison facility relative to
the direction from which a plane would approach on either takeoff or
landing. The dashed lines indlc-ate the division of the building into
three rectangles for modelling purposes. All dimensions are in feet.

I 10'



AIRCRAFT ACCIDENTS, ACCIDENT RATES, AND FATALITIES-
U-S. AIR CARRIER ALL OPERATIONS: 1971-1980*

YEAR

1971
1972
1973
1974

1975(ci
1976
1977
1978
1979(o:
1980

NUMBER OF Ace i BENTS
TOTAL

48
50
43
47

45
28
26
24
32(R)
2D

FATAL

8(B)
8
9
9

3
4
5
6
6
2

AIRCRAFT
HILES FLOWN

(OOO)A

2,660,731
2,619,043
Z,o4o,bo9
2,464,295

2,477,764
2,568,113
2,684,072
2,742,860
2,899,131
3,035,600

ACCIDENT RATE
PER MILLION

AIRCRAFT H
TOTAL

ACCIDENTS

0.018
0.019
0-016
0.019

0.018
0.011
0*010
0-009
0.011
0.007

LES FLOWN
FATAL

ACCIDENTS

0.002
0.003
0.003
0.003

0.001
0.002
0*002
0*002
0.002
0-001

FATALITIES

TOTAL

203
190
227
467

121
45

656
163
355(R)
14

PASSENGERS

174
160
200
421

113
39

382
141
323CR)
U

CAEW AND
OTHERS

29
30
27
46

11
6

274
22
32
3

(A) NONREVENUE MILES OF THE SUPPLEMENTAL AIR CARRIERS ARE NOT REPORTED-

(a) INCLUDES MIDAIR COLLISION ACCIDENTS NONFATAL TO AIR CARRIER OCCUPANTS* NUMBER OF
ACCIDENTS EXCLUDED FROM FATAL ACCIDENT RATES (1971-2).

(c) BEGINNING IN 1975, FIGURES INCLUDE ACCIDENTS INVOLVING COMHIRCIAL OPERATORS OF LARGE
AIRCRAFT-

(D> BEGINNING IN 1979, FIGURES INCLUDE ACCIDENTS INVOLVING DEREGULATED ALL CAROO CARRIERS*

(R) REVISED

* PRELIMINARY

NOTE: SABOTAGE ACCIDENT (9/8/74) is INCLUDED IN ALL COMPUTATIONS EXCEPT RATES- IN 1977,
FATALITIES (OTHER) INCLUDES 248 ON AIRCRAFT OF FOREIGN REGISTRY.

SOURCE: NATIONAL TRANSPORTATION SAFETY BOARD-

1981-1984 data not a v a i l a b l e ac time of publication by EPA.



AIRCRAFT ACCIDENTS, FATALITIES AND ACCIDENT RATES-
U.S. GEtERAL AVIATION FLYING: 1971-1980

YEAR

1971
1972
1973
1971

1975
1976
1977
1978R
1979R
1930?

Ace ii
TOTAL

4,648
4,256
4,255
4,425

4,237
4,193
4,286
4,494
4,051
3,799

9ENTS

FATAL

661
695(A)
723(A)
729(A)

675(A)
695
702
793
682
677

FATALITIES

1,355
l,426d)
1,412
1,438

1,345
1,320
1,436
1,770(9)
1,382
1,375

AIRCRAFT
HOURS FLOMN

(000)

25,512
26,974
29,974
31,413

32,024
33,922
35,792
39,409
43,417
41,300

ACCIDENT RATES
100.000 A

TOTAL

18.2
15-8
14.2
14.1

13.2
12.3
12.0
11.4
9.3
9.2

RCRAFT HOURS

FATAL

2.59
2.57
2.41
2-31

2.10
2.04
1.96
2.01
1.57
1.64

(A) SUICIDE/SABOTAGE ACCIDENTS ARE INCLUDED IN ALL COMPUTATIONS EXCEPT FOR
RATES (1970-1, 1972-3, 1973-2, 1974-2, 1975-2, 1976-4, 1977-1).

(B) INCLUDES AIR CARRIER FATALITIES (1972-5, 1978-142) MHEN IN COLLISION
WITH GENERAL AVIATION AIRCRAFT.

SOURCE: NATIONAL TRANSPORTATION SAFETY BOARD.

p - PRELIMINARY.
R - REVISED-



COMPARATIVE ACCIDENT DATA: 1970 THROUGH 1979
(PASSENGER FATALITIES PER 100 MILLION PASSENGER-WILES)

YEAR

1970
1971
1972
1973
1974
1975
1976
1977
1978
1979

PASSENGERAUTOMOBILES
AND TAXIS

2-10
1-90 -
1.90
1.70
1-50
1-40
1-34
1-33
1-30
1.31

BUSES

•19
.19
.19
•24
.21
.15
•17
•13
•17
•15

RAILROADPASSENGER
TRAINS

•09
.24
•53
•07
•07
.08
•05
.04(R)
.13
.05

DOMESTIC
. SCHEDULEDAIR TRANSPORT

PLANES

•00
.15
.13
•10
.12
.08
.003
.04
.01
•12

SOURCE: MOTOR VEHICLE (AUTOMOVILES, TAXIS, AND BUSES) AND RAILROAD
PASSENGER TRAIN DATA FROM THE NATIONAL SAFETY COUNCIL* DOMESTIC
SCHEDULED AIR TRANSPORT DATA FROM THE NATIONAL TRANSPORTATION
SAFETY BOARD*

(R): REVISED
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GROUP QUARTERS POPULATION FOR 1985

Institution/Address

Alpha Omega Psi
Lower Mt. Vernon Road

Bethel Sanitarium
6015 Kratzville Road

Braun's Nursing Home
909 First Avenue

Brentwood Convalescent Center
30 E. Chandler Avenue

Christ the King Rectory
3109 Bayard Park Drive

Christian Home
1615 N. Fulton Avenue

City-County Jail
Civic Center Complex

Columbia Health Care facility
1100 N. Read Street

Columbia Nursing Plaza
621 W. Columbia Street

Corpus Christi Rectory
5528 Hogue Road

Daughters of Charity
9400 New Harmony Road

Evansville Healthcare Center
4301 Washington Avenue

Evansville Protestant Home
3701 Washington Avenue

Evansville State Hospital
3200 Lincoln Avenue

Gertha's Nursing Center
617 Oakley Street

Good Samaritan Home
601 N. Boeke Road

Census Tract

104.01

39

26

16

27

18

25

20

104.1

105

37.02

37.02

37.01

20

2.02

Population

3

64

55

28

closed

208

25

128

20

118

137

535

152

112



Page 2

Institution/Address

Hillcrest Washington Home
2700 W. Indiana, P.O. Box 6347

Holiday Home Healthcare Community
1201 Buena Vista Road

Holy Redeemer Convent
924 W. Mill Road

Holy Redeemer Rectory
918 W. Mill Road

Holy Spirit Convent and Christ the
King Convent - 1760 S. Lodge

Holy Spirit Rectory
1800 S. Lodge Avenue

Lambda Chi Alpha
213 S. Weinbach Avenue

Little Sisters of the Poor
1236 Lincoln Avenue

Mater Dei Sister's Residence
1300 Harmony Road

McCurdy Residential Center
101 S.E. First Street

Medco North
650 Fairway

Memorial High School Faculty Residence
1500 Lincoln Avenue

Memorial High School Convent
1640 Lincoln Avenue

Monastery of St. Clare
6825 Nurrenbern Road

Normal Life Group Homes
1016 S. Weinbach Avenue

Parkview Convalescent Center
2819 N. St. Joseph Avenue

Phi. Kappa Tau
2112 Lincoln Avenue

Census Tract

30

39

39

39

104.02

10 Locations

28

Population

43

202

10

10

3

14

30

18

33

3

4

1

47

138

11

257

136

6

70

95

16



Page 3

I n s t i t u t i o n / A d d r e s s

Smich Hea l chca re , Inc. , dba
Pinehaven N u r s i n g Home
3400 Stocker

Regina Pacis Home
3900 Wash ing ton Avenue

Res-Care Community Alternat ives
862-A S. Green River Road

Sacred Heart Rectory
2701 W. Franklin Street

St. Agnes Convent
1626 Glendale Avenue

St. Agnes Rectory
1600 Glendale Avenue

St. Anthony Convent
718 First Avenue

St. Anthony Rectory
704 First Avenue

St. Benedict Convent
1328 Lincoln Avenue

St. Benedict Rectory
1312 Lincoln avenue

St. John Rectory
617 Bellemeade Avenue

St. Joseph Convent
618 £. Virginia Street

St. Joseph Rectory
600 E. Virginia Street

St. Mary Rectory
609 Cherry Street

St. Theresa Convent
725 Wedeking

St. Theresa Rectory
600 Herndon

Census Tract

JO

37.01

7 Locations

30

31

31

19

19

14

14

15

21

21

16

24

24

Popula t ion

93

124

53

2



Page

InsciCue ion/Address

St. Vincent Day Care Center
611 First Avenue

Second Chance Halfway House
3901 Kratzville Road

Seton Manor
800 St. :iary ' s Drive

Siena Hal l
2735 1/2 W. Franklin Street

Sigma Alpha Epsilon
1732 Lincoln Avenue

Sigma Phi Epsilon
1332 Lincoln Avenue

Tau Kappa Epsilon
1119 Lincoln Avenue

Tau Kappa Epsilon
317 N. Wabash

University of Evansville
1700 Lincoln Avenue
P.O. Box 329

Welborn Hospital Medical Center
500 S.E. Fourth Street

Uoodbridge Health Care Center
815 Second Avenue

Census Tract

19

39

37.01

30

15

28

16

16

Population

7

68

54

5

15

15

5

950

closed

56

TOTAL (S) 4156



APPENDIX 9. OHIO RIVER PCB CONCENTRATIONS IN FISB



ORSAN(X) OHIO Ki7i : .< FISH SURVEY
CHANNEL CATFF5JII Fll.l.-.'.rs

Tag
»

62
63
64
65

S i t r •
rt^noni).ilK>l.-) R.
fl JIKNIifflllP 1.1 R.

H.'iion<)aliol,i R.
Alle^lK?!!/ R.

70JAI Ic l̂ieny K.
71
56
55
5-1

4-11
4-lr>
44^
21?
213

Al Icgfwny R.
ixi^iiiciii
ivir.ii fold
i)£!.^Meld
M>^w ("ii'ilH'rl.inxl
N-?w Cm:i>erl.ind
Now Cuiil̂ rland
I'i ;o Isl in.!
l'ik(- InlaiKl

21<1|l'ih> Island
16
1')
3J

4(N)
399
395

KWP-4«*
KW-5
KWP-6

461
462
4(.J
AI\A

Ilinnilvi t
Miniiilk^l
Iliiinihil
Wi low Isl.
Ui low Isl .
Wi low Isl .
Di< Sandy R.
nil S.iu.ty R.
l<r c'.in.ly II.
tii i ^|x.; 13
f, \ li[»olis
1^1 1 ipol is

Date
durjht
9/7/83
9/7/83
9/7/83
9/8/83
9/8/03
9/8/83
9/9/83
9/9/83
9/9/83
9/20/83
9/20/83
9/20/83
9/21/83
9/21/83
9/21/83
8/19/83
8/19/83
8/19/83
9/22/83
9/22/83
9/22/83
Got 15
Oct 15
Oct !'">*
10/6/03
lOT/rtl
id/6/fl»

i .. i i . . . : • •

1 L.
(cm)
47
11
31
41
37
38
41
44
43
4l
42
37
30
44
50
i9
44
43
44
57
55
43.9
31.8
sn.4
33
47
50

W.
(k?)
1.13
0.85
0.31
0.62
0.39
0.45
0.57
0.65
0.76
0.62
0.65
0.60
0.60
0.71
1.22
0.62
0.9l
0.9l
i.ii
2.04
1.79

.78
0.22
1.90
0.3i
1.05
1.25

*
Fat
9.30
0.74
4.20

12.56
6.74
5.74

11.26
1.78
5.64
4.96
2.22
6.80
6.34
6.20

11.6
0.76
5.78

10.0
6.36

11.8
10.48
0.18
0.70
9.02
3.76

16.48
*».nn

\ltr~)
PCB
4.46
1.03
0.95
2.63
1.11
0.71
2.45
0.97
3.43
1.68
0.30
1.66
1.79
2.58
2.59
0.65
1.30
2.30
1.90
3.57
1.34
0.10
0.17
2.05
0.67
1.88
i tt

Tan
1

1'H
200
201

JPII 5«*
JPII G

J(K)
304
305

SS 4
SS 5
SS 6

DEB 4**
306
307

_____ 300*
Spoonbi 1 1 ~$

315
316
317

Si to
M?: Mil l
rt?ldlhl
M:»Idil i l
l.ickiii-j II.
l . i ' -k i iK) II.
fl . ' iMpine
lioAlpine
MrAlpine
Dill ) R.
»*>SL Pt.
(Milo 620)
Oreon R.
Uninntown
1 In ion town
1'ninntowti
ijiii:Mitown
.1m it' hi and
Sniil hl.ind
Smitliland

Onto
ClU'llll |
9?; 7701 j
)/27/83
9/2//8J
Oct 10*
Oct 19
9/29/83
9/29/83
9/29/8 J
Oct 19*
Oct 19
Oct 19
Nov 22*
10/4/03
10/4/83
10/4/83
10/4/03
10/5/83
10/5/03
10/1>/03

L.
(cm)
61
47
34
18. n
42.2
53
41
48
58.4
49.3
45.7
38.7
53
49
45
42
50
44
39

W. %
( k g ) Fat
2.55
1.02
0.37
1.27
0.00
1.03
0.55
1.16
2.58
1.23
1.00
0.74
1.30
1.37
0.03
0.21
1.29
1.09
0.73

0.9?.
G.oe
8.12
1.54
4.06
6.20

^"0.82
1.36
7.16
5.20
6.00
2.90
5.92
7.00
1.86
4.50
7.4(i
7.30
5.06

(<>/•-)
PCO
3.0?
1.4S
0.4')
0.90
3.43
2.5r>

.5'i
2.50
1.65
2.54
2.17
0.43
3.75
1.04

.41

.27

.87
1.72
.69

* Blue dtfi.sli
** Flatho^l Citf inh
0 Wholr? pish
T (Traco) - [/-sn tlun 0.01



CAMP i 11.1.1 rs
I SURVEY

T.»
(

!»'»
bl)
61

(nrtinj 76*
72
69
67
57
431
4V
4-11
20" »
210
211
32
14
J'»
3')H
3'i/|
3'H

KUI>-1
MVP-2
Kl/P-3

464
460
401
402
40 J
4 )3
414
4IS
191
I'M
J90

Site
11 HIOIM ...

rv Hioit'i >i . r

rv>iion | .. !.i U.
Mlo'ii*"! v rf.
Al li"|l» ny • .
IVinliir-l '
l)i:;lil<>l '
D.i:;hii>l i
N'«w Cuwv-rl*
MOW Cllll *''t !. .:.
Now Cuii,l *•? '
I'iko I;-, ,.i.-l
Til.-? ! ? : • , • : .
PiK- Ir.i.i: !
II »n:iil> il
II itmilvi!
II iiMiilvii
Wi Mow I:, I.
Wi 1 low Isl.
Wil low Isl .
Miq Simly R.
iii) Sillily R.
)i<) Sirvly R.
jill ipol is
ill I ipoi in
V?tlcviile
^llowil j<?
V'll'willo
ticiiie
lirliw
Me i lie
l-l'i.l.l
hl.lihl
t.'Milil

Do to
Ctir)ht
9/7/83
9/7/03
9/7/63
9/8/83
9/8/83
9/9/83
9/9/83
>/9/B3
720/83
•/20/83
>/20/83
•/21/83
•/21/83
)/21/B3
1/19/03
H/19/83
1/19/03
9/22/03
9/22/83
9/22/83
Oct 15
oct 15*
Oct 15
10/6/83
10/6/83
10/2/83
10/2/83
10/2/83
10/4/83
10/4/83
10/4/83
9/27/83
9/27/83
9/27/83

L.
(on
38
•17
37
34
39
42
44
3*
39
41
43
42
42
43
44
44
43
51
46
50
55.9
56.6
54.6
5i
57
50
48
46
53
55
18
52
il
48

"iTT
(kg)
0.65
1.08
0.76
0.58
0.74
0.82
1.13
0.68
0.48
0.40
1.08
0.99
0.96
O.05
1.O8
1.15
1.O5
1.84
1.45
1.19
2.22
2.25
2.O6
2.04
2.70
1.90
1.62
1.22
2.01
1.90
1.20
1.79
1.70
1.59

T
Fat
0.62
0.62
1.26
3.36
6.74
1.00
0.70
0.64
2.32
0.84
2.32
2.96
3.58
0.74
2.26
6.20
2.36
3.38
8.28
1.80
6.90
2.42
2.86
8.46
3.92
7'.34
5.26
1.24
9.98
I.M
1.60
1.2
0.411
0.98

<fr«)l
PCB
0.20
0.14
0.27
0.97
0.10
1.24
1.07
0.36
0.70
0.36
0.71

.56
0.26
0.26
0.33
0.76
0.45
0.43
1.15
.41

0.65
0.34
0.25
1.85
O.85
1.92
1.55
0.23
2.46
0.63
).30

0.34
0.16
0.33

T
*

T.11
1

JPII 1
JI'll 2
JPII 3*
JPII 4*

JO]
302
3(13

SS 1
SS 2
SS 3

ntn 1
ran 2
Dm 3

3(Y)
310
311
312
313
314

RJ 1
RJ 2
RJ 3**

S i l « »
l,icUn.| K.
l.irt in) |t.
l.lrj kimj M.
Li« l.iii'i R.
McAl|>iiv»
MrAlpim.'
McAlfiinc
Ohio R.
Wasl K .
(Milo f •.'!«)
Groon H.
Hirl«? 1.'»)
Hilo 4 .> \
iiiiioiil .uvti
Jriionti>wii
hijxnlown

Snil III. iinl
Sinil hl.iii'l
Smillil.iii.1
rrnn. ll.
Milo 2-5
lile 2-5

Oa(e
C*u^ht
( X - L I '.
1 . ''

•v- i
, r

\, ,

' ' ' » »n

•»/.' ]
-,-., 3

«

-V" .

. •

;,)-.- .».
i • "• •
10/4 /W
0/4/M
16/4/83
10/5/lf
1 0/5/63
IO/S/83
,

'A_

-

r..
(on
411.3
45. S
39.9
36.1
56
50
56
48.3
44.7
45.0
4.G
>3.3
46. r>
16
50
51
55
56
46
55.9
39.4
J9.4

W.
(kq

1.51
I.V
0.9',
0.66
3.11
1.83
2.^)
1.60
.13

1.32
2.2)
1.911
l.1<
1.34
1.7i
1.62
2.0-i
2.14
0.94
2.34

.70
5.74

H
Lit
0.42
2.00
0.52
0.70
1.06
).90

0.44
.00

3.fyt
3.60
6.40
l.W
I.H2
0.24
oHo
o.ir
0.50
1.66
0.00
3.44
1.36
l.lf

W»>
PCI)
o.T iJ
O 1 1
075H
0.11
O.'l?
.1;
.1?

o.?>/
O.^M
O.-tM
I . W
0 . 2M
O.2M

.O'l

.()/

.07

.12
1.711
.or.

0.31
0.08
0.24

(Trace) - LOS/J tlian 0.01 -ITT.
B. M. lluff^'o

** Rivor G»r|»fwirl:«»r



APPENDIX 10. LOCAL ACCIDENT CHANCES AND EXPECTATIONS



UNISON P ro jec t , Loca l T r a f f i c Accident alysls

Ken tucky Accident Data
S ta r t of Reporting Period - 01/01/80
Cnd of Reporting Period «= 02/28/86
Y e a r s in Reporting Period * 6. 1629

Road
Segment or
Intersect ion

Route 136
Route 425
Pen. Pky. So. to Co. Ln.
Pen. PI y. No. to Rt. 41
Rt. 41, Pen. Pky. to Barrett
Rt . 41, Barret t toBarker
Rt. 41, Barker t oR t . 414
Rt. 41, R t .414 to Ind. Line
Total , Henderson County

Southlane
Riverside
Covert
Washington
Bellemeade
Lincoln
Walnut
Virginia
Columbia
Morgan
N-in Inter sec t i on (* 5X)
l - . t a l ,

Indiana Accident Data
Start of Reporting Period = 01/01 /6?«
End of Reporting Period = 03/31 /66
Years in Reporting Period = 1.24!.7 TJ

tn

Number of
Reported
Accidents

3
11

107
141
123
295
368
321

1,369

16
'9
25
38
12
19
40
52
43
33
15

312

Average
Annual

Accidents

0.49
16.50
17.36

-22.88
19.96
47.87
59.71
52.09

222.14

12.84
15.25
20.07
30.50

9.63
15.25
32.11
41 .74
34.52
26.49
11.92

250.34

Daily
Vehicle
Count

300
2,500
6,246
3,190

20,803
35,227
30,783
32,689

26,684
26,684
26,199
26,199
26, 199
36,692
36,092
34,626
34,626
45,591
32, U?0

Annual *
Vehicle £
Count '

109,57?.
913, IT?.

2,28J.ut.r
Z,99l,'.yfc
7, 593,:' or.

1 2 , 866 , t'-t-i
1 1,243,4" !
11,939, 6'. 7

9,746,31.1
o . 7-16. "> 7-1
9,569, If-?.
9,569, IK?.
9,569, i t *?-

• 13,401 ,7?.:.
1?,40I ,•.•".• 7
l2,647,>'.-.'7
I/ ,64 7, f.V/
16,652, 1 1?
1 1 ,69S r-y



Annual 11 ips Common North South Es t ima ted V.-j

Ro.id
Sf«jrn«;nt "i
Infer t-ctu-n

Route 136
Route 425
PHI. l'» y. •)•). to Co. Ln.
Pen. Ply. NI-I. to Rt. 41
Rt. 41, Pen. PKy. to Barrett
Rt. 41 , Bar ret t to Barker
Rt. 41 , Bat t er to Rt. 414
Rt. 41 , Rt .414 to Ind. Line
Tota l , Men-ler son County

Southlane
Rr/erside
Cover t
Washington
Bellemead^
Lincoln
Walnut
Virginia
Columbia
Ho i -j .in
Mori Intersection (
Fol a!, f vjii«.ville

Toi «»1 f

1,540
1,570

45
74

Annual Ac(

TF-I

0.00684
0.02783
0.00212
0.00964
0.00331
0.00469
0.00670
0.00550
0.06663

0.00166
0.00197
0.00264
0.00402
0.00127
0.00143
0.00302
0.00416
0.00344
0.00201
0.00129
0.02691

1,260.7
1,285.3

45.0
59.2

279.3
284.7

0.0
14.8

Traf f ic counts, Rl . 136
and Rt .

Accldt-nt
4;-r.;

Rate, Evansv llle
non- Intersections

tdents Expected

TF-X

0.00697
0.02837
0.00217
0.00983
0.00338
0.00478
0.00683
0.00561
0.06793

0.00169
0.00201
0.00270
0.00410
0.00129
0.00146
0.00308
0.00424
0.00351
0.00204
0.00131
0.02744

TF-2

0.00020
0.00081
0.00000
0.00034
0.00012
0.00017
0.00024
0.00020
0.00208

0.00006
0.00007
0.00009
0.00014
0.00005
0.00005
0.00011
0.00015
0.00012
0.00007
0.00005
0.00096

Residues

0.00033
0.00134
0.00011
0.00045
0.00016
0.00022
0.00031
0.00026
0.00318

0.00008
0.00009
0.00012
0.00019
0.00006
0.00007
0.00014
0.00020
0.00016
0.00009
0.00006
0.00126

Drums

0.01382
0.05620
0.00429
0.01947
0.00669
0.00947
0.01352
0.01111
0.13456

0.00336
0.00398
0.00534
0.00812
0.00256
0.00290
0.00610
0.00840
0.00695
0.00405
0.00260

O.OM3532

Tankers

0.00053
0.00215
0.0001 1
0.00(180
0.00027
0.00039
0.0005!-
0.0004!-
O.OCS26

0.00014
0.00016
o.ooo;-2
0.0007.3
0.00010
0.00012
0.0002!-
0.00034
0.00o<8
0.00017
0.0001 1

0.002,?. '4!.

1 f IK \ S

O.«'.| |v|

(».Oe-8 ''-.
0.004 \ "
0.0/i.V/
o . 006->>
0.0093.,
o.OI 40 /
o.oi IV-
0. !3v».V

0. 003-1- •
< ' . 004 1 ' •
o.0ov.«
o.ooe-r.
O.OlVt./

O.(.'U30..'
o.OOb >*-•
O.OO8/'.
0. ('(>'/. '•

O.i'l'l

".ft ' /•/• '
O.o'.f.'.v//

0.09355 0.0-3537 0.00304



Road
Segment or
l r i tersectu.i l

Route 136
Route 425
Pen. PKy. So. to Co. Ln.
Pen. PI y. No. to Rt. 41
Rt. 41, Pen. P» y. to Barret t
Rt. 41, Bar ret t to Barker
Rt. 41, B a r k e r to Rt . 414
Rt. 41, R t . 4 1 4 to Ind. Line
Tota l , Henderson County

Southlane
Riverside
Covert
Washington
Bellemeade
Lincoln
Walnut
Virginia
ColumMa
Morgan
Non Inter sec t ion ( + 5Z )
Tot a I, F </an j ,v i l le

Accidents Expected Over Twenty Years

TF-1 TF-X TF-2 Residues Drums Tankers 1r ucks

0.13683
0.55655
0.04250
0. 19284
0.06623
0.09380
0.13391
0. 10999
1.33265

0.03323
0.03946
0.05288
0.08038
0.02538
0.02870
0.06041
0.08322
0.06881
0. 04011
0.02570
0.53828

0.13949
0.56739
0.04332
0.19660
0.06752
0.09563
0.13652
0.11214
1 . 35862

0.03388
0.04023
0.05391
0.08195
0.02588
0.02926
0.06159
0.08484
0. -070 16
0.04089
0.02620
0.54878

0.00400
0.01626
0.00000
0.00688
0.00236
0.00335
0.00478
0.00393
0.04156

0.00119
0.00141
0.00189
0.00287
0.00091
0.00102
0.00216
0.00297
0.00246
0.00143
0.00092
0.01921

0.01657
0.02674
0.00225
0.00906
0.00311
0.00440
0.00629
0.00517
0.06359

0.00156
0.00185
0.00248
0.00377
0.00119
0.00135
0.00 84
0.00391
0.00323
0.00188
0.00121
0.02528

0.27632
1.12394
0.08582
0.38945
0.13375
0.18943
0.27043
0.22213
2.69127

0.06710
0.07969
0. 10679
0. 16232
0.05126
0.05795
0. 12200
0. 16806
0.13897
0.08101
0.05190
1 . 08706

0.01057
0.04301
0.00225
0.01594
0.00547
0.00775
0.01 107
0.0090V
0.10516

0.00275
0.00326
0.00437
0.00664
0.00210
O.O0237
0.00499
0.00086
0.00569
0.0037-:
0.00212
0.04449

0.2865V
1 . I669C

(i . 08607
<''.4053'<
0. 1392
0. 1971 v
O.ifrM-.'
0.2312'
2 . 7964 '

0.0698':-
0.0829r^
0. 1 1 1 1'^
0. I689/
0.0535o
0.0003/
0. 1270"
0. 17491
0. 1446"-
U.0843/
0.0540'
1 . 131!,'

T o t a l Measured 1.87093 1.90741 0.06078 0.08687 3.77834 0.



Road
Segment or
Intersect ion

Route 136
Route 425
Pen. PI y. So. to Co. In.
Pen. P> y. No. to Rl . 41
Rt. 41 , Pen. Pky. to Barret t
Rt. 41 , Bat re t t to Bark er
Rt. 41 , Bar ker to Rt. 414
Rt. 41 , Rt . 414 to Ind. Line
To ta l , Henderson County

Southlane
Riverside
C & v e r t
Washington
Bellemeade
Lincoln
Walnut
Virginia
Cf>l i i r i i t>ia
Morgan
N<-ii Inif-r s e c t i o n ( *_•* )
I i.l <il . f v . i n s v i l le

Chance of One or More Accidents In Any Year

TF-1 TF-X TF-2 Residues Drums Tankers I r u«. I s

0.00682
0.02744
0.00212
0.00960
0.00331
0.00468
0.00667
0.00548
0.06446

0.00166
0.00197
0.00264
0.00401
0.00127
0.00143
0.00302
0.00415
0.00343
0.00200
0.00123
0.02656

0.00695
0.02797
0.00216
0.00978
0.00337
0.00477
0.00680
0.00559
0.06568

0.00169
0.00201
0.00269
0.00409
0.00129
0.00146
0.00307
0.00423
0.00350
0.00204
0.00131
0.02707

0.00020
0.00081
0.00000
0.00034
0.00012
6.00017
0.00024
0.00020
0.00208

0.00006
0.00007
0 00009
0.00014
0.00005
0.00005
0.000 It
0.00015
0.00012
0.00007
0.00005
0.00096

0.00033
0.00134
0.000 II
0.00045
0.00016
0.00022
0.00031
0.00026
0.00317

0.00008
0.00009
0.00012
0.00019
0.00006
0.00007
0.00014
O.OOOI'O
0.00016
0.00009
0.00006
0.001? 6

0.01372
0.05465
0.004?.}
0.01923
0.00667
0.00943
0.01345
0.01 105
0.12590

0.00335
0.00393
0.00533
0 . 00803
0.00256
0.00289
0 . 00603
0.00837
0.0069.-'
0.00401
0.00259
0.052'V'

0.00053
0.00." 15
O.OiHH 1
O.OOOt-0
O.OOO.L/
0.000X9
O.OOo'.f.
0.000-15
0.00 '.,4

0.00014
0 . 000 1 1-
O.OOo. /
O.OOo-.?
0 . OOi P 1 0
0.0001?
o.ooo, c.
O.OOo .')
o.oooi'f-.
0.000 IV
0.0001 1
".00. ,-t

o.o MM
o.05iS63
O.Ol'-ly.'

O.OCOO/
0 . 0069 1
O.OO93I
0.01 391}
( ' . 0 1 M )
0. 1304 J

o.OO34-!i
O.fni-IM
O. 00'>V|

0.008-1 1
!'.('( t/l.O

0. (K.i '.ill

i !. (>iin-. '
O . O( "V/ 1
i'.O(i.'. I

1 i . OO I I

O . (M- '

I'. O'.'.Ol

I I Ic • < ) 0.08930 0.09096 0.00303 0.00-14? o. r/ m f'.On.'-r-



Road

Inter s e c t i o n

Route 130
Route 425
Per.. PI > . So. to Co. Ln.
Per,. Pi v. No. to Pt. 41
Rt. 41, P«-n. PI y. to Bar re t t
Rt . 41, Ba i i e t t to B a r k e r
Rt . -I I , B a r k e r to R t . 414
Rl. 4 I, Rt . 4 1 4 U Ind. Line
T o t a l , Henderson County

Southlane
River side
C o v e r t
Washington
Bel lemea- le
Lincoln
Walnut
Virginia
Columt'ia
Morgan
Noir Inter sect ion ( *5 -» )
T o t a l , Evanj.vi l le-

Chance of One or More Accidents in Twenty Y e a r s

TF-1

0.12783
0.42632
0.04161
0.17539
0.06408
0.08954
0.12533
0.10416
0.73622

0.03268
0.03869
0.05151
0.07723
0.02506
0.02829
0.05862
0.07985
0.06650
0.03932
0.02537
0,41625

TF-X

0.13020
0.43300
0.04239
0.17849
0.06529
0.09120
0.12701
0. 10608
0.74299

0.03351
0.03943
6.052*43
0.07868
0.02555
0.02883
0.05973
0.08134

- a. 06775
0.04007
0.02586
0.42235

TF-2

0.00399
0.01613
0.00000
0.00686
0.00236
0.00334
0.00477
0.00392
0.04071

- 0.00119
0.00141
0.00189
0.00286
0.00091
0.00102
0.00215
0.00297
0.00245
0.00143
0.00092
0.01903

Residues

0.00055
0.0:039
0.002-25
0.00901
0.00311
0.00440
0.00627
0.00515
0.06161

0.00156
0.00185
0.00246
0.00377
0.001 19
0.00135
0.002-83
0.00390
0.00323
0.00188
0.00121
0.02496

Drums

0.24143
0.67501
0.08224
0.32257
0.12519
0. 17257
0.23695
0. 19919
0.93221

0.06490
0.07659
0.10129
0.14983
0.04997
0.05630
0.11486
0. 15470
0.12975
0.07781
0.05053
0.66280

Tankers

0.01052
0.04209
0.00:25
0 . 0 1 r-6 1
0.00 MO
0.00772
0 . 0 1 1 0 1
0.00905
0.09962-

0.002'74
0.00320
0.00430
0.00002
0.00:10
0*00237
0.00496
0.00685
0.00567
0.00331
o . oo: i 2
0.04352

Tt ucl s

O.?404l
0 . r.£.P.n}

0.06430
c.333/.?
0. 12997
0. 1789':-
0.24535
0.20644
0.93897

0.00747
0.07900
0. 10521
0. 15546
0.05196
0.05654
0. 1 1Q26
0. 10049
0. 13463
o . oeodo
0.05259
0.67747

T o t a l Measured 0.84602 0.85154 0.05897 0.08r04 0.97714 0.13899 0.96032
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Summary Table:

Expanded Version



SUMMARY TABLE

INMAI ANON
IXPOMJItt

NODI I S

IXPECIU)
I VINIS IN

TWENIY
Yl ARS

DURATION
or fVLNI

FIRST RICEPTOR

SECOND RFCKPTOR

THIRD RECEPTOR

FOURTH RECI PTOR

DIIRA1IOM
Ol

FXPOSURI

l»l UMII II I)
H I 1 1 ASFS

INSIIM
I'l AMI

•>nlinu-

lllMII l':i : 'il

Piv«?rporl W
and I'od s

2-4II.-UIS
P-M Day
5f-r.- Days
r>i icar

Hendersori
•.'••nmiunitv C-.-I

Near Alrpoi I

Ne-irest
Tracl

I.T Ten

i'ver One
f leter1? Awav

Observer
ilonitler Avsay

< 1)3cr» t-r Thi ee
I U«rnel''i'5 AT-JI-/

V'.-ji ly Av»-i to-

.' I. A" i !

V. i I) A,,

Unli •~iiid

Unli ••-iii'l

Unli A/MiiJ' I it i-



NUMBER OF
PERSONS

NEAR
RECEPTOR

10

<IOOC.

Unknown

2419

Nor.f3

None3

<500

<1000

T01 AE
ORGANIC

POEEUTANT
CONCENTRATION

82 7 ng/m3

9 45 ng/m3

8 48 ng/m3

0 56 r.g/m3

37.1 ug/m3

564 pg/m

201 ng/m3

16 6 ng/m3

TOTAE PCB
CONCENTRATION

<0.0827 pg/rr.3

<0 30945 pg/m3

< 0.00846 pg/m3

<0.00058 pg/m3

<1 93r,g/m3

<293 pg/m 3

<10.5pg/m3

<0.86 pg/m

METEOREOGICAE
CONDITIONS
PRODUCING
EXPOSURE

Evansville Co-iposit*

Evansville Ccmposite

Evansville Composite

Evansvillr Composite

Wind. 2.5 rr,/s
SlaMlity Class F

Wind. 2.5 rr,/s
Stat.ilily Class T

Wind. 25 m/s
StaMlily Class F

Wind. 2.5 m/s
Stability Class F

t.i:, J «^ C _ f.



PDI I Ul ION
roNMtoi

1 (HJIPMI Nl
i AII nm

l>l AMI (MASH
I'AIH ONI

IMIIIAI IMP AC 1

PI AN! (HASlV
PAHI IWO
Mil 1 1 MIL

L

l>l AMI (MASH
PAIU ninrt

SI'11 1 IN PL AMI

1
Irii'jffii enl

Dat.

r '.>•" ' \

0<X>"'.>5

000"?

'v.«veii
[ays

>. ver-il
b» :on-ls

1 ive
Minutes ,

72
H'Hirs

xbser.-er J>n
.etei-? Away

Qj.'.^rver '>ie Hundr>.J
Mekrs Away

Obset ver One
l.llom*»ler Av/ay

•X-server Thi-ee
> ilom«-».»rs Awa/

Ob«,.«?r -er Ttn
Mel«" '. Av/iiy

^•.•••rver •. »rt Hun-li ?-1
Melei ••; Away

Observer On*
> llom»«fer Away

') -server Three
Kilometers Away

Observer Tun
Metei s Away

W'S«rver One HunHr e-J
Meter* Away

Observer One
Kilometer Away

Observe Three
Kilometers Aw-iy

Observer Ten
Meters Away

Observer One Hundr ed
Meters Away

Observer One
Kilometer Away

Observer Threb
Kilometers Away

Ur< <-ind < 1 v i- •'

Uir V'ihd ' 1. 1 •

Uii1 Wnil i 1. H i ••:-

Hi. Wiiul ' '. i i-

. "i

it- Hi-. • ' • •

! ..-.- Mil,.,-,.

-F .-nl In, id .

/,-!•..,

'.r,,

1 ,.jlil N:« !•

l-iifllnul-.-s

Uiil 'VirnJ ' li.ii.-se-.

UriH 'A'lfd ' hjii-].?s

Uiu 1 WirnJ '"h.n.'W..

Utii 1 Wind Chaiiueb



30

30

<500

< 1000

30

30

<500

<1000

30

30

<500

• 1000

None3

Nor*3

<500

<IOOO

not modeled

15 6 pg/m3

471 ng/rr.3

88 2rg/n.3

Zero

149 pg/m3

376 pg/m 3

37 6 pg/m3

Zero

Zero

406 ng/m 3

103 ng/m3

37.1 pg/m

564 pg/m--

201 ng/m3

16 *• ng/m3

not modeled

<31I pg/m

<9.42pg/m3

<1 76 pg/m3

Zero

<3 0 pg/m

<75pg/rr.3

<756pg/m

Zero

Zero

374 ng/m3

95 ng/m 3

< 1.93 ng/m3

<293 pg/m 3

<1 0.5 pg/m3

<0.86pg/m3

Wind. 2. 5 m/s
Stability Class E

Wind. 2.5 m/s
Stability Class E

Wind. 2 5 m/s
Stability Class E

Wind I'.Sm.'s
Stability Class E1

Wir,d. 1.0 m/s
Army Stability Class 1

Wiiid. 1 0 rr./s
Army Stability Clar.s 1

Wind. 1 0 r.,/s
Army Stability Class 1

Wind. 1C m/s
Army Stability Cla^? 1

Wind. 1 5 m/s
Stabilty Class A

Wind. 1 5 m/£
Stabilty Class A

Wind. 1.5 m/s
Stabilty Class *

WM. 15m/-.
Slabilty Class *•

Wind. 2. 5 m/s
Stability Class F

Wind. 2 5 m/s
Stability Class F

Wind. 2 5 m/s
Stability Class F

Wind. 25rr,/s
Stability Clas; F



Kilometers Away uruu wma -̂

MAXIMUM"
RESIDUE SPILl

ON HOT PAVEMENT

Observer Teri
Meters Away

« 0.074 One
Hour

Observer One Hundred
Meters Away

Observer One
Kilometer Away

Observer Three
Kilometers Away

Urvtll Wind Changes

Until Wind Changes

Until Wind C

Until Wind Change

LARGE1 '
RESIDUE SPUE

ON HOT PAVEMENT

Observer Ten
Meters Away

<0.074 One
Hour

Observer One Hundred
Meters Away

Observer One
Kilometer Away

Observer Three
Kilometers Away

Until Wind Changer

Until Wind

Until Wind Changer

Until Wind Change?.

MAXIMUM13

RESIDUE SPIEI
ON WARM PAVEMLN

Observer Ten
Meters Away

«0.11
One
Hour

Observer One Hundred
Meters Away

Observer One
Kilometer Away

Observer Three
Kilometers Away

Unlil Wind Changes

Until Wif.d Char.oes

Until Wind Changes

Until Wind Changes



<IOOO

Emergency Response
Personnel

Emergency Response
Personnel

<IOOO

« 2000

Emergency Response
P^f sonrel

Emergency Response
?ei Svnn*!

<IOOO

<2000

Emergency Response^
/Per sonnel

Emergency Response
Personnel

<»000

• 2000

16.6 ng/m"*

257 mg/m 3

20 3 mg/m 3

4 38 mg/m3

96 1 gg/m3

35 5 mg/m3

2 30 mg/m 3

604 gg/m

133 pg/m3

48 .6 mg/m

3.84 mg/m3

828 ug/m3

182 ug/m 3

< 086 pg/m3

< 8 19 Mg/m3

< 64.7 ug/m3

« • ^

< 14.0 Mg/m'

<3 06 Mg/m3

< 1 13 Mg/m

< 8.93 Mg/m3

< 1.93 Mg/m3

<424ng/m3

< 92.5 Mg/m3

< 7.31 Mfl/m3

< 1 58 M9/m 3

<346ng/m3

Stability Class F

Wind. 5 0 m/s
Stability Class 0

Wind. 5 0 m/s
Stability Class 0

Wind. 2.5 m/s
Stability Class F

Wind. 2 5 m/s
Stability Class F

Wind. 50 m/s
Stability Class D

Wind. 5.0 m/s
Stability Class 0

Wind. 25rri/s
Stability Class F

Wind. 25 m/s
Stability Class F

Wind. 50 m/s
Stability Class 0

Wind. 5 0 m/s
Stability Class 0

Wind. 2 5 m/s
Stability Class F

Wind. 2 5 m/s
Stability Class F



Notes:
1. Assumes 400 Ib/yr total organlcs; see S 5.1.1.

2. Remote.

5. Assumes plant personnel are evacuated.

4. Impossible if UNISON follows proposed protocols.

5. 4OI square meters covered by spill e 60'C. spill assumed not to cool.

6. Smoke and soot associated emmlsslons only.

/. Until area Is cleared, may include innocent by-standers.

8. Total failure of carbon adsorption on highest volume vent line.

9. Assumes high velocity and high angle of Impact; for other assumptions, see S 5.2.1 7.

10. Assumes 26 gal. of fuel, temperature of smoke cloud of 400'C.

I I. 450 square meter spill on 60*C pavement.

12. 50 square meter spill on 6O"C pavement.

15 450 square meter spill on 35"C pavement.



ATTACHMENT C

Toxicitv of PCBs

The toxicity of PCBs has been extensively studied for

almost 20 years. This attachment summarizes the conclusions

that have been reached concerning the toxicity of PCBs and

their impact on human health. There are generally three ways

that humans have been exposed to PCBs: (1) acute exposure,

which has occurred in isolated instances through ingestion of

foodstuffs accidentally contaminated with extremely high levels

of PCBs; (2) occupational exposure, which involves chr<~.nic

dermal and inhalation exposure to high levels of PCBs in the

workplace; and (3) environmental exposure, which involves

chronic exposure to low levels of PCBs largely through the

consumption of fish containing PCBs. Studies focusing on all

of these types of exposure are discussed in this attachment.

Those studies not included in the Administrative Record are

attached as exhibits.

The only known exposures to substances containing PCBs

which have resulted in human health effects involved a 1968

Yusho ("rice-oil disease") epidemic in Japan and a 1979 Yusho

outbreak in Taiwan. In both instances, persons consumed

cooking oil contaminated with PCBs at levels of 2,000 to 2,500

ppm. According to testimony by Dr. William Gaffey, an

epidemiologist for the Monsanto, Co., who has reviewed the

majority of studies of PCB exposure, these levels are much

higher than the levels found in the environment. Gaffey Dep.

at 114-115. Scientists first thought that acute exposure to



PCBs caused the health problems which were found. However, it

has been confirmed that other contaminants, such as

Polychlorinated dibenzofurans (PCDFs) also were present in the

oil. The Japanese scientists who studied the Yusho incident

now believe that PCDFs, not PCBs, caused the health effects.

That conclusion is shared by American scientists. Dr. Renate

Kimbrough, a pathologist for the Center for Disease Control,

agreed that the PCDFs were the most toxic substance found in

the Japanese cooking oil and that they, not PCBs, caused most

of the ill effects. Kimbrough Dep. at 78. In 1987, Dr.

Kimbrough conducted a study reviewing the evidence regarding

the health effects of PCBs and PBBs. See Kimbrough, "Human

Health Effects of Polychlorinated Biphenyls (PCBs) and

Polybrominated Biphenyls (PBBs)," Pharmacological Toxicology.

Annual Review, 1987. In her study, Dr. Kimbrough stated that

"acute poisoning outbreaks only occurred following exposure to

a combination of PCBs and PCDFs." Id. at 106. She also stated

that the most toxic PCB isomers found in the rice oil have not

been shown to be contained in commercial PCB preparations in

the United States. Id. at 102.

Numerous studies demonstrate that PCBs do not cause adverse

human health effects. Ecology and Environment, Inc. one of the

two U.S EPA contractors for the Waukegan Harbor Feasibility

Study, (A-l) reviewed the literature and the investigations

concerning the alleged health effects of PCBs and stated:

In summary, epidemiologic studies have demonstrated
that PCBs are not remarkably toxic chemicals after

-2-



acute exposure, and that when excess exposure does
occur, the usual consequences are dermatologic and not
of a serious or permanent nature. Chronic exposures
have had little or no adverse effects of note to this
picture. The preponderance of studies has not
identified a clinical disease associated with exposure
to PCBs, nor has it provided persuasive evidence of
health impairment. There is no evidence of an excess
in total mortality or in mortality due to cancer,
cardiovascular disease, or nervous system diseases
associated with occupational exposure to PCBs. PCBs
have not been linked to any human cancer, and studies
to date indicate it is highly unlikely future studies
will establish such a link. Therefore, it appears
that PCBs are not a remarkable toxicant, but a
chemical which requires high doses to produce harmful
effects.

See Ecology and Environment, Inc., Summary of the Health

Effects of PCBs. New York, N.Y., 1981, p. 3.

Studies of electrical equipment workers, who constitute a

group that may have had the greatest exposure to PCBs, indicate

that Ecology and Environment's opinion was conservative. Many

occupational exposures involved long-term exposure to high

levels of PCBs. The most extensive studies of occupational

exposure involve electrical equipment workers. See generally.

Gaffey, "The Epidemiology of PCBs," PCBs: Human and

Environmental Hazard, ed. D'ltri and Kamrin, Butterworth

Publishing, Boston, Ma., 1984, p. 279-98. Many of the

employees studied had daily skin contact with PCBs for many

years, inhaled relatively high levels of the chemical and also

may have ingested PCBs while eating near their work stations.

Despite that extensive exposure, however, no significant

adverse health effects were reported among these workers. Four

worker studies are particularly significant:

1) The National Institute for Occupational Safety
and Health (NIOSH) studied maintenance workers

-3-



exposed to PCBs at two utility companies. While
their PCB blood levels (12 to 298 ppb) were much
higher than the national background level (10 to
20 ppb), they did not exhibit any ill health
effects.

2) NIOSH also studied 224 workers exposed to PCBs at
an electrical equipment manufacturing plant and
found PCB blood levels ranging from 15 to 3,580
ppb. Again, despite those PCB blood levels, no
ill effects were noted.

3) General Electric studied the health of 194 of its
workers who were heavily exposed to PCBs for an
average of 15 years with some exposed for as long
as 35 years. A 1976 study of those workers
showed no ill effects. A 1979 follow-up
evaluation also failed to produce evidence of ill
health among these workers.

4) Probably the most comprehensive data concerning
the long-term health effects of PCB exposure are
contained in a NIOSH study of 2,500 workers
employed by two separate capacitor manufacturing
plants. The researchers reported no
statistically significant excesses of cancer,
although more than 50 percent of the workers had
been exposed to PCBs for more than 20 years, and
some for as long as 40 years. NIOSH reported
that the incidence of all cancer mortalities for
these plant populations was slightly lower than
that of the general United States population.
While 182 cancer deaths would be expected in a
population of a demographic profile similar to
that of the 2,500 workers, only 163 deaths due to
cancer actually were observed. Also, there was
no clear relationship between increasing length
of employment in PCB-exposed jobs and the risk of
mortality due to cancer.

See American Council on Science and Health, "PCBs: Is the Cure

Worth the Cost?" Summit, N.J., 1985, pp. 9-10, which

references these NIOSH studies.

Dr. Thomas Milby, an M.D. and Ph.D. in public health and a

former health official for the California Department of Public

Health, examined numerous workers exposed to PCBs in the

workplace. Based on his experience and knowledge, Dr. Milby's

-4-



opinion is that although PCBs have been used in industry for 40

to 50 years, the health problems caused by PCBs generally have

been limited to chloracne, a dermatitis, found in workers

occupationally exposed to PCBs. Milby Dep. at 27. Dr. Milby

testified that based on the extensive evidence that has been

gathered concerning PCBs, there is no significant risk to human

health from long-term exposure to low levels of PCBs through

consumption of fish or through other types of environmental

exposure. Milby Dep. at 221-222, 228. In Dr. Milby's medical

opinion, PCBs are a minimal health problem and their

implications in connection with long-term chronic health

effects are de minimis. Milby Dep. at 54.

Dr. Gaffey shares this medical opinion. Dr. Gaffey

testified that there is no evidence that exposure to PCBs at

levels present in the environment is related to any illness,

disease or excessive number of deaths. He also testified that

PCBs are not carcinogenic. Gaffey Dep. at 70 and 144-146.

Those medical opinions have not been contradicted by

government representatives or other public health officials

identified as experts in US v. OMC. Civ. No. 78 C 1004

(N.D. 111. filed March 17, 1978). For example, Dr. Kimbrough

testified in 1980 that she was not aware of any human sickness

in the United States caused by the ingestion of PCBs, nor could

she say that PCBs cause any adverse health effects. Kimbrough,

Dep. at 50-53, 69, 140.

Dr. Kimbrough concluded in her 1987 study that so far, no

significant chronic health effects have been causally

-5-



associated with exposure to PCBs and PBBs. She stated that

"[w]hen humans were exposed only to PCBs or PBBs, the only

observed acute effects generally have been minor." Id. at 106.

Finally, studies have been done to determine health effects

from environmental exposure. Dr. Harold Humphrey of the

Michigan Department of Public Health, conducted a study in 1976

to determine the effects of PCBs on persons who consumed large

amounts of Lake Michigan fish. See Humphrey Evaluation of

Changes of the Level of Polychlorinated Biphenyls in Human

Tissue. Final Report to the FDA, Michigan Department of Public

Health, Lansing, MI, 1976. Dr. Humphrey attempted to identify

the symptoms suffered in the Yusho epidemics among those

persons that had consumed Lake Michigan fish. However, he was

not able to correlate any of the Yusho symptoms to exposure to

PCBs through fish consumption. Humphrey Dep. at 39-44, 51.

Although Dr. Humphrey stated that his 1976 study was the most

extensive of its kind, he could not conclude with any

reasonable medical certainty that PCBs cause adverse health

effects or pose a danger to human health. Humphrey Dep. at

221, 228. He admitted that the data on PCB health effects in

humans do not support a finding of any chronic, overt or even

subtle health problems. Humphrey Dep. at 12, 14.

In 1984, Dr. Humphrey conducted a follow-up study of those

persons that had consumed Lake Michigan fish. See Humphrey,

"Population Studies of PCBs in Michigan Residents," PCBs:

Human and Environmental Hazards, ed. D'ltri and Kamrin,

Butterworth Publishers, Boston, Ma., 1984, pp. 299-309. The

-6-



new data Dr. Humphrey collected demonstrate that almost ten

years later those persons still reported no symptoms like those

suffered in the Yusho epidemics. In his follow-up study, he

stated "no acute disease has been identified in exposed

individuals . . . ." Id. at 309.

Like Dr. Humphrey, Dr. Kimbrough found no Yusho symptoms in

the persons studied to date. The 1987 Kimbrough study stated

that even though

the average sport fisherman consuming contaminated fish
would receive a total dose equal to 200 mg in about 4.3
years, [n]o adverse health effects . . . clearly related to
PCB exposure could be identified. . . . The presence of
PCBs . . . has not caused any observable adverse health
effects similar to those observed in the Yusho population.
Id. at 91.

Thus, as set forth in Dr. Humphrey's Deposition, Dr. Colby of

the Food and Drug Administration has stated:

The fact remains that after more than 30 years of
widespread environmental exposure to PCBs we had
no documented case histories of human injury or
poisoning due to chronic trace exposure to [PCBs].

Humphrey Dep. at 176. Dr. Humphrey recognized this statement

as accurate. Id. Dr. Swain, of U.S. EPA, also recognized this

statement as accurate. Swain Dep. at 256. (072).

Specifically with respect to Waukegan Harbor and Lake

Michigan, U.S. EPA has admitted in its litigation with OMC that

it had no knowledge of any person who has contracted any of the

following injuries as a result of the consumption of fish or

drinking water from Waukegan Harbor or Lake Michigan:

cancer
immunologica1 disorder
human birth defects
sickness
chloracne, dermatitis or skin disorder

-7-



neurological disorder
fatigue
reduction or impairment of vital lung capacity
hypertension
instance of mutagenicity
fetotoxicity
teratigoenicity
abnormal blood pressure
heart disease or blood diseases
reduced or abnormal physical growth
mental or behavioral disorder

See United States Response to Defendant Monsanto Company's

First Amendment to a Second Request to Admit, Response No. 2,

September 15, 1982.

Thus, although exposure to PCBs has occurred for 30 to 40

years and both PCBs and their health effects have been

extensively studied for almost 20 years, there is no evidence

that PCBs cause any harm to human health. No government

witness or expert has identified any potential risk of PCBs

with any reasonable degree of medical certainty.

6951f
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CHAPTER 20

THE EPIDEMIOLOGY OF PCBs

William R. Gaffey
Monsanto Company

St. Louis, Missouri 63167

INTRODUCTION

This is a review and evaluation of the epidemiologic
evidence concerning the health effects of exposure to
polychlorinated biphenyls (PCBs), particularly at levels that
do not cause acute toxic effects. A study is considered
"epidemiologic evidence" if it measures, directly or
indirectly, the differences in the risk of ill health among
populations with different exposures to PCBs.

In the past several decades there have been many clinical
studies of the effects of heavy exposures to PCBs (e.g., Von
Wedel e_t aj.., 19^3; Schwartz, 1936). Such studies are extremely
useful in identifying the kinds of effects that should be
investigated. However, they do not address the question of the
risk of incurring such effects and are, therefore, not included
in this review.

The studies reviewed here fall into three categories.
First, there are studies of accidental heavy exposures and the
resulting acute and chronic effects. In each case the study
was prompted by an outbreak of illness or the occurrence of a
death in an exposed population, after which the population was
studied.

Second, there are studies of the relationship between expo-
sure to PCBs and the resulting body burden of PCBs in serum or
adipose tissue. Strictly speaking, these are not epidemiologic
studies since they do not deal with health effects. However,
if a relationship between level of exposure and body burden
cannot be verified, the interpretation of epidemiologic studies
becomes difficult if not impossible.
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The third category is studies that were done because the
populations in question were known or suspected to be exposed
to PCBs, rather than because some untoward health outcome had
been observed first.

Many published reports combine some or all of these types
of investigations. In the sections that follow, we consider
first the studies of accidental over exposure; second, the
studies of PCB exposure versus body burden; and third, the
epidemiologic studies of exposed populations. In the latter
section, the discussion" will be organized with respect to the
health effects that were investigated. These are:

(1) dermatologic symptoms,
(2) biochemical alterations,
(3) other symptoms and illnesses,
CO carcinogenicity.

ACCIDENTAL HEAVY EXPOSURE

Two epidemiologic studies of accidental exposure have been
reported. The first (Meigs £t al., 195*0 described an outbreak
of chloracne in a plant in which a process change had introduced
an unspecified PCB compound into the work environment.
Breathing zone levels of PCB were stated to be 0.1 mg/m'. Seven
of 14 exposed workers developed chloracne, but liver function
tests were normal in six of these, with some borderline
abnormalities in the seventh. The chloracne disappeared after
treatment, and the single borderline liver function abnormality
improved, but did not disappear after 13 months. Improved
process control prevented any recurrence.

Although the estimated PCB level must be accepted with
reservation because of the state of the art at that time, it
is clear that the chloracne resulted from the PCB exposure.
Given the lack of controls and the small rate of abnormal liver
function, it is unlikely that the PCB exposure had any
connection with the liver function findings.

The second incident is the now famous Yusho incident in
1968 which has been documented in many reports (Kuratsune e_t
al., 1972; Urabe et al., 1979) in which some thousand Japanese
became ill after eating cooking oil which had been contaminated
with Kanechlor 400, a PCB compound of Japanese manufacture.

The most common acute symptoms observed were hyperpigmen-
tation and acne-like lesions, discharge from the eyes, central
nervous system symptoms, and vomiting and diarrhea. There was
a dose-response relationship between the amount of oil ingested

and the proportion of pers
later about half the pat
symptoms. Six years late
symptoms as headache, stomc
joint pain, and respirator

Out of ten live birt
showed hyperpigmentation a
These symptoms later dise
reports of premature erup
series of 13) and unusally
(3 out of 13), it is not
represent any more than t
since no control observati

In general, laborato.
elevated serum triglyceri
serious cases, and el
transaminase (SCOT) and
(SGPT) levels in serious

As of the end of 1
patients had been identif:
(35.4) exceeded that of
occurred (21.1). However,
useful for several reasons
the criteria for dlagnosi
it is impossible to deter
this number. The complet
is unknown. In addition
have been made in the abc
elapsed time from exposur
and cannot be calculated
are not provided. This
cancers resulting from tl"

Although the Yushc
ingestion of PCBs, recent
the estimated intake by
to polychlorinated dibem
quaterphenyls (PCQs) was
and current determinatior
of Yusho patients have s
(Kimbrough, 1980). It
generalization can be ma
environmental or occupat:



onmentaJ Hazards

studies that were done because the
e known or suspected to be exposed
e some untoward health outcome had

combine some or all of these types
sections that follow, we consider
lental over exposure; second, the
Jrsus body burden; and third, the
posed populations. In the latter
1 be organized with respect to the
vestigated. These are:

tons,
ations,
d illnesses,

N_,J o. accidental exposure have been
et al., 195̂ 0 described an outbreak
lich a process change had introduced
und into the work environment,
were stated to be 0.1 mg/m^. Seven
oped chloracne, but liver function
of these, with some borderline

i. The chloracne disappeared after
rderline liver function abnormality
ppear after 13 months. Improved
ny recurrence.

PCB level must be accepted with
state of the art at that time, it
J resulted from the PCB exposure.
nd the small.rate of abnormal liver
that the PCB exposure had any
me*-" i findings.

ŝ xie now famous Yusho incident in
ted in many reports (Kuratsune et
9) in which some thousand Japanese
ing oil which had been contaminated
impound of Japanese manufacture.

symptoms observed were hyperpigmen-
, discharge from the eyes, central

I vomiting and diarrhea. There was
between the amount of oil ingested

The Epidemiology of PCBs 281

and the proportion of persons reporting symptoms. Three years
later about half the patients had improved, but still had
symptoms. Six years later many patients still reported such
symptoms as headache, stomach pain, numbness of the extremities,
joint pain, and respiratory symptoms.

Out of ten live births to women affected by Yusho, nine
showed hyperpigmentation and most had increased eye discharges.
These symptoms later disappeared. Although there have been
reports of premature eruption of teeth (2 children out of a
series of 13) and unusally wide fontanelles and sagittal sutures
(3 out of 13), it is not at all clear that these findings
represent any more than the normal variation to be expected,
since no control observations were made (Funatsu et §_!., 1972).

In general, laboratory tests of the Yusho victims showed
elevated serum triglyceride levels, low serum cholesterol in
serious cases, and elevated serum glutamic-oxaloacetic
transaminase (SCOT) and serum glatamic-pyruvic transaminase
(SGPT) levels in serious cases (Higuchi, 1976).

As of the end of 1977, fifty-one deaths among Yusho
patients had been identified. The percentage of cancer deaths
(35.̂ ) exceeded that of the prefecture in which the deaths
occurred (21.1). However, the figures do not appear to be very
useful for several reasons. First, after the original incident,
the criteria for diagnosis of Yusho had been changed, so that
it is impossible to determine the denominator which produced
this number. The completeness of ascertainment of the deaths
is unknown. In addition, no adjustment for age appeared to
have been made in the above comparison. Finally, the average
elapsed time from exposure to death was less than ten years,
and cannot be calculated precisely because the dates of death
are not provided. This may well be too short a period for
cancers resulting from the exposure to show up.

Although the Yusho incident represented a massive
ingestion of PCBs, recent reanalysis of the cooking oil and of
the estimated intake by the patients shows that the exposure
to polychlorinated dibenzofurans (PCDFs) and polychlorinated
quaterphenyls (PCQs) was about equal to the exposure to PCBs,
and current determinations of PCQs in blood and other tissues
of Yusho patients have shown levels similar to that of PCBs
(Kimbrough, 1980). It is, therefore, doubtful whether any
generalization can be made from this incident to lower level
environmental or occupational exposures to PCBs.

-'V



282 PCBs: Human and Environmental Hazards

ENVIRONMENTAL LEVELS AND BODY BURDENS

Two studies of the relationship between ingestion of
and blood levels of PCBs have been reported (MDPH, 1975; Kr
et al.. 198D. In each case the study was concerned
ingestion of fish known to contain relatively high level
PCBs. In the first, an association was found between b
PCBs and exposure level as estimated by the amount of
Michigan sport fish consumed. In the second, the relation
between blood PCBs and a complex of factors was examined
population in an area with high levels of envirorune
contamination. Age, sex, and fish consumption, in that o
of importance, were associated with blood levels of PCBs.
the extent that fish consumption measures ingestion of P
these studies confirm that blood PCBs are a functior
ingestion of PCBs as well as of age and sex. Other associ.
variables were examined in Kreiss et al. (1981) but will
discussed in the following section.

A number of studies of blood PCBs and exposure to ;
have been made, most of them in conjunction with studies
health effects. The portions of the studies relevant to t
section are reviewed here.

There are three types of studies. The first comps
groups which have had different exposure levels as estic.
from process considerations or environmental measurements,
convenience, such a study design will be called Type A.
second, which we will designate Type B, measures the cha
over time in a single group after PCBs have been removed f
the environment (or after the group has left the environmer
The third, Type C, compares groups that have had differ
durations of exposure. Often the same report will contain n
than one type of study. For example, an exposed group may
compared with an unexposed group (Type A) and within the expc
group long-term exposed workers may be compared with short-t
workers (Type C).

The measure of body burden has in most cases been a sir
number representing, depending on the study, blood PCBs, pla
PCBs, serum PCBs (all of which are called "blood" PCBs in t
review), or level of PCBs in adipose tissue. Analytic meth
have varied over time and among investigators. More recent
measures of body burden have sought to determine separately
levels ?f higher chlorinated biphenyls (5 or more chlorine at
per molecule) and lower chlorinated biphenyls.

Table 1 lists the studies considered in this section, •«•
the type of design and whether or not separate determinati
of higher and lower chlorinated biphenyls were made. Ail
the studies except Baker et al. (I960) are occupational.



•3
3
h
r
d
e
P
a
1
r
o

f
d
e

3
f

The

TABLE 1

Epidemiology of PCfls 283

Studies of Environmental Levels and Body Burden
of PCBs by Type

Study

Baker et al. , 1980
Bumgarner et al. , 1973
Chase et al., 1982
Hara et al., WJ. 1975
Hasegawa et a_l., 1972
Inoue et al. , 1975
Karppanen and Kolho, 1973
Kitamura et al., 1973
Maroni et al. , 198 1a
Ouw et al., 1976
Smith et al., 1982

of Body

Study
Type3

A
C
A,C
B,C
A.B.C
A,C
A
B
A,C
A,B
A.C

Burden Measure

High and Low
Chlorinated

PCBs

No
No
No
No
No
No
No
No
Ye.-,
Yes
Yes

Adipose
PCBs

No
No
Yes
No
No
No
Yes
No
No
No
No

3
d
r
e
e
m
• .

t
e
e
d
m

aA = Comparisons of groups with different exposure levels
B s Evaluation of results of decreasing or removing exposure
C = Comparisons of groups with different durations of exposure

All of the Type A studies agree in showing a higher body
burden of PCBs in populations with higher environmental
exposure, except for one anomaly in Baker et a_l. (1980). There,
persons exposed to sludge containing PCBs had slightly lower
blood levels than the controls, on the average. However, the
sludge-exposed persons and the controls were not matched for
age, which Kreiss et al. (1981) showed to be the most important
factor associated with blood PCB level. It, therefore, appears
unequivocal that higher exposure to PCBs means a higher body
burden, all other things being equal.

The Type B studies appear at first glance to be more
equivocal (Table 2). Two studies show a decrease when exposure
ceased or decreased and two do not. However, the studies showing
no decrease remeasured their study groups within a month or two
after exposure changed. The ones showing a decrease remeasured
after three months and one year.

The fact that Ouw et a_l. (1976) found no decrease after
two months while Kitamura et al. (1973) found over a 50 percent

^ <•.*? «.: •• .*»«.

t>yr"
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TABLE 2

Studies of Blood PCB Levels Before and After
Exposure Levels Changed, and Interval From

Exposure Change to Remeasurement

Study

Hara et al., 1974, 1975
Hasegawa et al., 1972
Kitamura et al. , 1973
Ouw et al., 1976

Exposure
Change

Ceased
Ceased
Ceased
Decreased

Interval
to Remea-
surement
(months)

12
1
3
2

Decrease
in Blood
PCB Level
(percent)

ca75
None
>50
None

decrease after three months gives rise to some uneasiness.
However, in the former study exposure was decreased but still
present, while in the latter study PCB use had ceased. Ouw et
al. (1976) also suggest that after exposures in their study
plant had decreased, workers did not wear gloves as recommended,
so that the blood PCB levels may have resulted from skin contact.

Table 3 shows the findings for the Type C studies other
than Maroni et al. (I98la) and Smith e_t a_l. (1982) that is, for
those that compared duration of exposure with a single
measurement of blood PCB level. The results are not consistent.
The study of Bumgarner et al. (1973) found very low levels
(average M ug/kg) in exposed workers, which may have accounted
for their failure to find a relationship with duration. On the
other hand, the exposed workers in Hasegawa et al. (1977) had
an average level of 370 ug/kg and still showed no relationship
with duration.

The studies of Maroni e_t al. (198la) and Smith et a_l.
(1982) suggest a possible explanation. Maroni et al. (198la)
made separate comparisons of high chlorinated PCBs and low
chlorinated PCBs between workers with present and past
exposures. They found differences in the low chlorinated PCBs
but not in the high chlorinated compounds. Even though their
analysis did not adjust for age, it suegests that the
relationship between blood PCB levels and duration and recency
of exposure may be a function of the level of chlorination of
the PCBs. Smith e_t a_l. (1982), however, in an elaborate analysis
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TABLE 3

Studies of PCB Levels by Duration of Exposure

Relationship of Blood PCB to

Study
Duration of
Exposure Age Race

Bumgarner et al., .1973
Chase et al., 1982
Hara et al., 1971, 1975
Hasegawa et al., 1972
Inoue et al., 1975

No
Yes
Yes
No
Yes

No
Yes

No

of high and low chlorinated blood PCBs versus present and past
exposure, found no "evidence either to support or refute
different accumulation kinetics in humans for the lower and
higher chlorinated biphenyls". Nevertheless, they found a
significant correlation between current personal air PCB levels
and low chlorinated blood PCBs, but no significant correlation
with high chlorinated blood PCBs.

In summary, body burdens of PCBs are clearly related to
the level of exposure to environmental PCBs. Observations of
a decrease in the burden of PCBs after exposure is eliminated
or decreased are not consistent. The lack of consistency may
be due to the short periods of observation of some of the
studies, or possibly to differences in the average chlorination
of the PCBs involved. Studies of the relationship of PCB burden
to duration of exposure again are not consistent. There is a
suggestion that this may be due to the confounding effects of
age and sex, or to differences in the metabolism of high and
low chlorinated PCBs, with the higher PCBs being more likely
to accumulate in adipose tissue.

EPIDEHIOLOCIC STUDIES OF PCBs AND HEALTH

Excluding mortality studies, there are 18 epidemiologic
studies of health effects related to PCB exposure. The accident
report of Meigs et al. (1954) is included since it did not
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differ in design from many of the studies that were not motivated
by accident reports.

These studies are listed in Table 4 with a summary of the
findings by major category, five of the reports are in Japanese
(Haraetal., 1974, 1975; Hasegawa et al., 1972; Inoue et al.,
1975; Kitamura et al., 1973). The details of those studies are
taken from the NIOSH criteria document for PCBs (NIOSH, 1977).

Two of thf -"--dies (Kaappanen and Kolho, 1973; SCDH, 1978)
are not specific as to health effects. The first of these is
a comparison of groups with different work exposures and
different blood PCB levels (71-1900 ug/kg in the 12 persona
with the greatest exposure) in which the authors simply state
that all persons studied were in good health. The second is a
study of 32 workers in a capacitor plant, 10 of whom were exposed
regularly to PCBs. The authors state that there is "no evidence
of physical harm resulting from working with PCBs".

The remaining 16 studies in Table 4 are reviewed below
with respect to their findings in each major category of health
effects. The studies are considered in the order of their
population.

Dermatologic Effects

There are 12 studies of dermatologic effects associated
with PCB exposure. The first is Meigs et al. (1954) described
in the above section on accidental heavy exposure, who found
that 7 of 14 exposed workers got chloracne where the PCB
concentration in their breathing zones averaged 0.1 mg/m^.
Hasegawa et al. (1972) reported an unstated number of cases of
hyperpigmentation of the hands, and acne-like lesions of the
jaw, back, and thighs in exposed workers. The average blood
PCBs in the workers was 370 ug/kg. However, the authors state
that skin complaints were unrelated to blood PCB levels and
appeared to be due to skin contact. Kitamura et al. (1973)
reported a ra'nge of skin disorders in 10 of 13 exposed workers
with an average blood level of 820 ug/kg. The disorders occurred
on parts of the body not normally in direct contact with PCBs.
Hara e£ a_l. (1974, 1975) reported that about 45 percent of 118
capacitor workers complained of blackheads and other acne-like
symptoms while working with PCBs. The complaints were not
related to blood levels of PCBs, and virtually disappeared
within a year after exposjre had ceased.

Inoue et al. (1975) reported one case of chloracne in an
exposed worked whose blood PCBs were in the 190 to 210 ug/kg
range, but no symptoms in the rest of a small work force whose
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TABLE U

PCB Epidemiology Studies (Other Than Mortality) and Sumoary of Findings3

Study

Alvares et al. , 1977
Baker et al. , 1980
Bumgarner et al., 1973
Chase et a_l. , 1982
Fischbein et al., 1979
Hara et al., W4, 1975
Hasegawa et al. , 1972
Inoue et al. , 1975
Kaappanen and Kolho, 1973
Kitamura et al., 1973
Kreiss et al. , 1981
Maroni et al. , 198 1b
Meigs et al., 1954
MDPH, 1975
Ouw et al., 1976
Smith et al., 1982
SCDH, 1978
Warshaw et al., 1979

Derma to logic
Findings

._
N
—
Y
Y
Y
Y
Y
—
Y
—
Y
Y
N
Y
Y
—
~~

Physiological
Parameters

Y
Y
N
Y
N
Y
Y
__
--
N
Y
Y
Y
__
N
Y
__
Y

Symptoms
and Illness

N
...

Y
Y
__

__

__

__

— —

N
Y
Y
N
_
Y
__
Y

Other
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— —

^~

_ —

— -

N
_ —

N
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N
Y

aY = Findings associated with exposure
N = No findings associated with exposure
No entry = No data presented
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blood PCB3 ranged from 130 to 520 ug/kg. The Michigan Departaeat^
of Public Health (1975) reported no relationship of any Yusho'
symptoms to consumption of fish with high levels of PCBs. Ow
e^ a±. (1976) reported TJ cases of c'^rmatitis, eye irritation,
or burning sensations on the skin out of 3** exposed worker!,
where air levels of PCBs ranged from 0.32 to 2.22 mg/m^. The
complaints appeared to occur more often in those with hlghtr
blood PCB levels. Fischbein et al. (1979) reported that about
50 percent of 326 capacitor manufacturing workers reported a
history of dermatoiogical symptoms, the most common symptoa
being a rash. Those with symptoms had higher blood levels of
high chlorinated PCBs. Baker e£ al. (1980) reported no
chloracne in 18 exposed workers (average blood PCBs 75.1 ug/lc|)
or 19 members of their families (average blood PCBs 33.6 ug/kg).
Maroni et a_l. (198lb) reported 10 cases of dermatitis (5
diagnosed as active or past chloracne) out of 80 exposed
workers. The average blood PCB level in the study was 3W
ug/kg. Chase et a_l. (1982) observed chloracne and an increase
in other dermatoiogical findings in 86 exposed male railroad
workers, but the findings were not significantly associated
with blood or fat PCB levels. Smith et a_l. (1982) found no
chloracne in a study population of 324 exposed workers la
capacitor manufacturing and transformer repair, whose average
blood PCBs ranged from 38 to 5^6 ug/kg. However, there was a
significant association of skin rash or dermatitis with blood
levels of high chlorinated PCBs.

Interpretation of this mass of data is complicated by UM
difficulty of diagnosing chloracne, the uncertainties of blood
PCB determinations, and the changing technology for making such
determinations. Nevertheless, the data suggest strongly that
when PCB blood levels exceed about 150 to 200 ug/kg, chloracne
can occur. However, most studies have shown that the occurrence
of chloracne is not further associated with blood PCB levels.
This suggests that (a) personal idiosyncratic factors may be
involved and/or (b) that the high blood levels are an indicator
of the existence of environmental contamination which actually
produces chloracne by skin contact.

The reports of dermatitis other than chloracne sufftr'
from an additional complication. According to the National
Health Survey, about one-third of all Americans of working agt
have at least one current skin condition serious enough to
warrant evaluation by a physician (NCHS, 1979). Clearly,
substantially more than one-third must have either a current
condition or a history of such a condition in the past. The
prevalence figures reported by Maroni et al. (198lb) and
Fischbein et al. (1979) are, therefore, not in themselvea
remarkable, but the agreement of Fischbein et a_l. (1979) and
Smith et al. (1982) on the relationship between dermatitis and
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high chlorinated blood PCBs suggests that this association may
be real.

Liver Function

Ten studies examined liver function. Meigs ejt al. (1951*)
found one borderline abnormal liver function in 11 exposed
workers. Hasegawa et al. (1972) found mild disturbances in
exposed workers (increased SCOT, SGPT, SAP, decreased serum
cholninesterase) which they did not consider to be clinically
significant. Kitamura et al. (1973), Ouw et al. (1976),
Fischbein et al. (1979), and Baker et al. (1980) (a non-
occupational study) found no abnormalities associated with
exposure, except that Ouw et al. (1976) found a high BSP
retention in four out of seven workers with blood levels above
500 ug/kg.

Maroni et al. (198lb) found 16 out of 80 workers with
abnormalities in GGT, OCT, and transaminases. Their blood PCB
levels were higher than those in the workers with normal liver
function. Kreiss e_t a_.l. (1981) (non-occupational study) found
no relation between liver function and blood PCBs when age and
alcohol consumption were taken into account. Chase et al.
(1982) found among exposed railroad workers a statistically
significant correlation between blood PCBs and SCOT after
adjusting for age. Smith et a_l. (1982) found elevated SCOT and
GGT levels in persons with higher blood PCB levels.

In summary, six studies of the ten found some mild liver
function abnormalities, none of which were associated with any
measurable adverse health effects. The two non-occupational
studies, Baker et a_l. (1980) and Kreiss e_t a_l. (1981), found
no abnormalities associated with blood PCB leve. Fischbein et
al. (1979) in their study of capacitor manufacturing workers,
noted that "there was a paucity of abnormal results in the
biochemical studies."

Finally, Alvares et a_l. (1977) reported that in five
workers occupationally exposed to PCBs, the rate of drug
metabolism was significantly higher than in a group of controls
matched for age, sex, and smoking and drinking habits.

Fat Metabolism

Six studies considered cholesterol levels. One (Bumgarner
et al., 1973) found no relationship between cholesterol level
and blood PCB level. One of the remaining five (Hasegawa et
al., 1972) found a decrease in cholesterol, glycerides,
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phospholipids, and beta-lipoprotein in exposed workers. Three
of the other four studies found no relationship of cholesterol
to blood PCBs (Baker et al.., 1980; Chase et a_l., 1982; Smith
et al., 1982) while one found increased cholesterol at higher
blood levels of PCBs (Kreiss e£ §_!., 1981). Kreiss et al.
)198l) and Smith et al. (1982) also present contradictory
findings with respect to HDL cholesterol levels; the former
found no relationship to blood PCBs, but the latter found an
inverse relationship.

Five studies examined triglyceride levels. Four found an
increase with Increased blood PCBs (Hara et a 1., 197^, 1975;
Baker et al., 1980; Chase e_t al., 1982; Smith et al., 1982)
while one found no relationship when cholesterol level was taken
into account (Kreiss et al., 1981).

In summary, most studies, including one non-occupational
study, have associated increased triglycerides with PCB
exposure. The data on cholesterol show no relationship in three
studies, and an increase and decrease in one study each. HDL
cholesterol either decreased or was unchanged (one study each).
Even if PCB exposure has some effect on fat metabolism, it
appears to be without any apparent clinical significance.

Blood and Blood Pressure

There are five studies of blood chemistry: Bumgarner et
a_l. (1973), Kitamura et al. (1973), Fischbein e_t aj.. (1979),
Baker et al. (1980), and Maroni et al. d98lb). None of thei
report any relationship of blood chemistry to PCB levels.

Bumgarner e_t a_l. (1973) and Kreiss et al.. (1981) measured
blood pressure in exposed persons. Bumgarner et al. (1973)
found no association with PCBs, but Kreiss et al. (1981) found
a statistically significant association between diastolic blood
pressure and blood PCBs. Since there was no control group and
since Kreiss et al. (198D are the only investigators to report
this finding, its significance is not clear at this time.

Symptoms, Illness, and Other Conditions

Eight studies investigated symptoms, illness, and other
conditions in persons exposed tc PCBs. None of the three non-
occupational studies reported any abnormalities. The first of
these (MDPH, 1975) compared the incidence of 18 conditions,
most of which were reported in Yusho disease, in consumers of
sports fish containing PCBs and in controls. The second (Baker
et al., 1980) found none of the following conditions were
associated with blood PCB levels in a community study; fever,
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weight loss, anorexia, fatigue, headache, eye irritation,
cough, shortness of breath, nausea, vomiting, diarrhea,
abdominal pain, arthralgia, and persistent rash. The third
study (Kreiss et a_l., 1981) reported the same thing for
prevalence of illness or weight loss in the preceding year, use
of medication, use of medical care, history of heart disease,
and percentage of pregnancies ending in miscarriage,
stillbirth, or infant death.

Of the occupational studies, Chase et a_l. (1982) reported
no evidence of organ toxicity from the medical histories or
physical examinations of 86 exposed railroad workers. Three
studies reported various symptoms. Fischbein et al. (1979)
reported a history of gastrointestinal symptoms in 18 percent
of 326 capacitor manufacturing workers, a prevalence of from
3.0 to 15.2 percent of various musculoskeletal symptoms, and a
prevalence of from ̂ .8 to 27.8 of various neurological symptoms.
These were, however, unrelated to duration of employment or to
level of blood PCBs. Maroni et a_l. (198lb) reported eight cases
of gastrointestinal complaints in 80 exposed workers, with no
indication of whether there was a relationship to duration of
employment. They also reported two bleeding haemangiomas and
one case of chronic myelocytic leukemia. These findings do not
appear to have any significance, since they apparently are
unrelated to the circumstances of exposure.

Smith et al. (1982) reported an increased prevalence of
general malaise and possibly altered peripheral sensation with
increased blood PCB levels among occupationally exposed
workers, but found no clinical abnormalities on physical
examination.

Finally, one study of pulmonary function (Warshaw et al.,
1979) reported decreased vital capacity in 2^3 capacitor
workers. However, the pulmonary function values in the study
population, most of whom were current or ex-smokers, were
compared with a standard population of non-smokers, so that the
effect of smoking was not taken into account.

The weight of evidence, as Smioh et al. (1982) conclude,
is that no studies to date "have shown that occupational
exposure to PCBs is associated with any adverse health outcome,
to be distinguished from demonstrable subclinical biochemical
alterations."

There appear to be no significant clinical effects
associated with the occupational or environmental exposures
studied in these reports.

ri-
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Carcinogenicity

It is generally agreed that epidemiologic evidence for
carcinogenicity should fulfill certain requirements in order
to be acceptable. These requirements, presented below, deal
with the study design, the logic of the observed pattern, and
the repeatability of the results (Doll, 1981).

(1) Positive associations in groups of individuals with
known exposure (case-control or cohort studies).

(2) That are not explained by bias in recording or
detection.

(3) That are not explained by confounding.

(^) That are not explained by chance.

(5) That vary appropriately with dose.

(6) That vary appropriately with period of exposure.

(7) That are observed repeatedly in different circum-
stances.

There are four studies directed solely or primarily to the
question of the carcinogenicity of PCBs. Table 5 lists the
studies and their findings. They are reviewed here keeping in
mind Doll's requirements.

The most obvious feature in Table 5 is that no study agrees
with any other. That is, the requirement of repeatability is
not met.

The first study by Bahn et a_l. (1976, 1977) observed three
melanomas in a group of 92 research and development and refinery
workers. These workers had an unknown exposure to other
possible carcinogens, so that there could have been confounding.
In any case, the study was withdrawn for revision in the
definition of the exposed population, and has not yet been
released (NIOSH, 1977).

Zack and Musch (1982) studied 89 Monsanto workers exposed
for at least six months between 19^5 and 1965 inclusive. There
were no deaths from cancer of the liver or cirrhosis. The
excess in respiratory cancer was based on four deaths and was
not statistically significant. As with Bahn et al. (1976,
1977), there was confounding because of other chemical exposure
at the plant and, in this case, possibly cigarette smoking.
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TABLE 5

Inconsistencies in Studies of Cancer in
PCB Exposed Populations With Findings

Study Number Studied Findings

Bahn et al., 1976; 1977
Zack and Musch, 1982
Brown and Jones, 1981

Bertazzi et al., 1981

92
89

2,567

1,310

Melanoma3
Lung
Liver

Rectum
Digestive13,
Lymphatic, and
hematopoietic

Significant at 1 percent level
"Significant at 5 percent level

Brown and Jones (1981) studies 2,567 workers in a capacitor
plant. About half the cohort had a latency period of 20 yrs
or more. Although there was an excess of liver cancer deaths,
it was inversely related to duration and latency of exposure,
which does not support an occupational explanation. There was
also an excess of rectal cancer. However, the two plants studied
are located in an area whose mortality from rectal cancer is
greater than the U.S. average (Mason et a_l., 1975). Since U.S.
population rates were used as a basis for comparison, the rectal
cancer excess is at least partly an artifact.

Bertazzi et a_l. (1981) studied 1,310 workers with at least
six months employment in capacitor manufacturing between 19^6
and 1970. Although excess digestive cancer was observed, there
were no liver cancer deaths. The total number of deaths was
small (27) and the excess cancer observed was based on two or
three deaths for each of the two major sites involved. There
is no indication of the duration or latency of exposure for the
cancer deaths. The authors state that there were no other major
exposures at the plant, and propose to continue the study with
a larger cohort. In spite of the statistical significance of
the excesses from all cancers, this study must be considered a
preliminary report, particularly since it shares with the other
studies a failure to agree on any particular pattern of
mortality.
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The existing mortality studies of occupational exposure
do not show the agreement that would lead one to infer an excess
risk of cancer. Much of the conflicting findings can be
attributed to the possible effect of confounding exposures, and
to the "noise level" of sporadic excesses which would be
expected in the absence of any occupational hazard.

SUMMARY AND CONCLUSIONS

The epidemiologic studies of exposure to PCBs show that
the body burden in exposed persons, whether the exposure is by
ingestion, inhalation, or skin contact, is related to the
environmental levels and distribution of PCB. The relation of
body burden to duration of exposure is less clear, and appears
to differ depending on the degree of chlorination of the PCBs.
Nevertheless, the evidence is clear that higher exposures mean
higher blood PCB levels, and that persons with occupational
exposures have blood PCB levels that may be an order of magnitude
greater than that of environmentally (that is, non-
occupationally) exposed persons.

Occupational exposure to PCBs at high levels has been
associated with the occurrence of chloracne, but the
relationship is not straightforward, suggesting that the actual
risk of chloracne is also a function of individual
susceptibility and personal work habits, as well as possible
exposure to other contaminants.

Dermatologic problems other than chloracne are associated
with occupational exposure, and may be related to exposure to
high chlorinated PCBa.

Alterations of liver function and fat metabolism
associated with PCB exposure have been observed in several
studies, but are characterized by investigators as mild and of
no clinical significance.

The one fact on which all occupational studies of health
effects agree is that there has been no clinical illness
associated with PCB exposure other than dermatitis. Studies
of non-occupationally exposed populations have found neither
dermatitis nor other clinical evidence of exposure-related
effects, with the exception of a single study which suggests
that diastolic blood pressure may be related to blood level of
PCBs.

Mortality studies concerned primarily with cancer present
problems of interpretation due to the small sample size of some
of the studies, and to the confounding effect of other
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exposures. However, they do exhibit a pattern, which is that
none of the studies agree on the cancer sites at which an excess
mortality was found, and the excesses that were found are in
general not statistically significant. One must conclude that
the findings of the mortality studies reflect a sporadic pattern
of excess mortality at different sites which is not consistent
with a carcinogenic effect of PCBs. In addition, where an
examination of duration and latency of exposure was possible,
no association with these variables was found (Brown et a_l..
1981).

Taken as a whole, the epidemiologic studies find that high
occupational exposures to PCBs may cause dermatitis of various
kinds, but that there are no other clinically observable
effects, including the occurrence of cancer.
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HUMAN HEAETH EFFECTS OF
POEYCHEOR1NATED B1PHENYES
(PCBs) AND POEYBROMINATED
BIPHENYES (PBBs)1

Renale D. Kimbrough
Center for Environmental Health. Cciik-rs lui IWase t'nuiiul. I'uiiln. hi-alili VIM^C.
US Department of Health and Human Servutv Ailjnu dcor^u Ui 'M

INTRODUCriON

Polychlorinated biphenyls(PCBs) urv chi.-iiiii.al ii>in|Htunds t \ i th the ciii|>mt.al
formula CuHm-.C!,, with n = 1-10 Iliey are j mixtuic ni Lhltnuuu-U
biphcnyl congeners. Theoretically. 20*' such conveners aie |MsMblc. but jt
least 20 congeners have never been idcniilicd in ctunihi.Tii.il piiiliKis In
addition. PCBs may contain polychlormatcd dihcn/olurans and chlorinated
quaierphcnyls as impurities. PCBs were discuvcicd bcloic die turn ol the
century, and the useful industrial properties of mixtures obtained by chlonna
lion of biphenyl were rccogni/.ed curl). In I1M»6 the UISCOVCIA «il K'Hs m
environmental samples ( I ) spurred renew cJ intctcsi in ilu- ,uul> M> and unn.
iiy of these compounds.

In recent years many industrial nations have taken steps to o>mu<l the ilo*
of PCBs into the environment. PCUs and FCH -coiiiaimiig lniiiiuljhon> aic
restricted (an exception is sometimes made lor inuiui and duhlum K'Ui lur
most uses, except for categories such .is v-losed system cIct i iKj! fqtii|>iiiciu
and hydraulic fluids in iiunint: equipment

Commercial production of ITBs K-^JII in the LJnneJ Si^u- in ilu laic
1920s. In 1971. Monsanto Chemical (.'ump.'ny vuluni.nily ,ii'|)|vJ u|Kn
endcij uses of PC'Us. and subsequently unK the ln^v-r ohKuinjud tM|>l\cn\K

'The US (ju
vopyri|hi cuvcnnfi thi\

> UK
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were produced (Aroclor 1242 and 1016). In 1977 the company ceased produc-
tion entirely (2). Many PCBs manufactured in the past (3) are still in use in
old transformers, but even this use is decreasing. The estimated cumulative
production and consumption of PCBs in the United Slates in the period
1930-1975 (in millions of pounds) was as follows: total production, 1400;
imports, 3; domestic sales, 1253; r»pc.u, 150.

PCBs are inert chemicals that are fairly resistant to degradation. Because of
their stability and lipophilicity. they have accumulated in the environment and
in organisms. They have been identified in indoor air (4) at concentrations of
0.1 /ig/m} (5), in fish (6, 7) and other food products, and in sediments from
lakes and rivers (8, 9). PCBs have also been identified at varying con-
centrations in soil (0.01 mg/kg-100 mg/kg) (10). They do not occur naturally.
Thus, their presence in the environment is linked with human activities, and
concentrations are higher in urban and heavily industrialized areas than in
rural and remote areas. However, trace amounts are also found in remote
areas, since the air may transport such chemicals over large distances.

Although PCBs are no longer used commercially in the United Slates
because of their persistence, they are still present in our environment. A
number of transformers and capacitors that contain PCBs, however, are still
in use. Results of laboratory experiments showed that pyrolysis of PCBs at
temperatures of 200-600°C could result in the formation of significant
amounts of the more toxic polychlorinated dibenzofurans (PCOFs) (II).

In February 1981, an electrical fire occurred in a New York State office
building in Binghamton, N.Y. The fire, which originated in a switch gear in
the basement, caused the bushings to crack on a nearby transformer. About
180 gallons of PCB dielectric fluid Pyralon (65% Aroclor 1254. 35% chlorin-
ated benzenes and trace additives) were lost. A fine layer of oily soot covered
many of the internal surfaces of the 18 floors of the building. Analysis of a
soot sample showed that it contained various isomers of chlorinated di-
benzofurans, 2,3,7,8-tetrachlorodibenzodioxin. other chlorinated di-
benzodioxins. and chlorinated biphenylenes. Some of these chemicals are
much more toxic than the PCBs. Because of these findings the Binghamton
stale office building was closed, and workers wearing respirators and pro-
tective clothing began an extensive cleanup of the building. The cleanup
operations lasted four years, and the cost has been enormous (12). Since then
several other transformer fires have occurred. These fires have not resulted in
as much contamination as the one in Binghamton, partly because the
transformers in the other fires were usually located in a separate vault (13).

The problems with polybrominaled biphenyls (PBBs), which are also a
mixture of chemicals, have been quite different. In 1970 a chemical company
in Michigan manufactured polybrominaled biphenyls as flame relardants. The
same company also produced magnesium oxide, a chemical commonly mixed

HUMAN HI.ALIH UHCTS Oh PCU> Ac PUU» «l>

into feed for livestock. The flame retardant was called Fircmasicr and the
magnesium oxide. Nutrimaster In I v / t some bags ol humaster were
accidentally sold as Nulriinaster and mixed into animal feed 'I his tesuhed in
widespread contamination in the slate ol Michigan (14 ) SHKC 1974 I'liHs
have not been produced in the United Slates At the lime ol the cxjxisurc link-
was known about the toxic effects of PliBs I en year* alter the Michigan
residents were exposed, no clinical illness has been causally linked to I'lill
exposure in this group, although chlorauic was apparently noted in some-
workers who inanulaeiured PUB.

HUMAN EXPOSURE

Because PCBs ore ubiquitous and very pcisistcnl in the envuonmeni. humans
have been and will continue to he exjxised to them, particularly m in-
dustrialized countries. PCBs may he inhaled m small amounts through the air
or ingested through food. In the United Stales today, people are primarily
exposed lo PCBs by consuming lishlrom contaminated waters (9). liTthe
pUSI, some I arm families were exposeTTto ll'tls irolil dairy products, these
PCBs originated from coaling material used in the inside ol silos tl.S). In
addition, workers who repair transformers and workers who handle toxic
wastes may also be exposed (16).

The PCB products that were manufactured b> Monsanto in the United
Slates had the trade name "Aroclor." I lie (unicular kind of Aroclor is
identified by a four-digit number. The IUM two digits reler to the 12 cailxm
atoms, and the second two refer to the pcnciii. by weight, ol chloune m the
mixture. Thus, Aroclor 1254 contains about ,S-4'/, chlorine, and A UK lor I2o<).
about 60% chlorine.

The composition of this mixture of chemicals, with dilieieni propones.
changes once it gels into the environment and into organisms Some iom-
portents of the mixture are more easily degraded in the cnvnoumcni than
others. As a result the PCBs identified in the envuonmeni resemble AioJoi
1254 but are not identical lo it. Similarly, the Pl'B mixtures found in huiruo* '
usually resemble Aroclor 1254 if exposure occurred primarily through th**
environment. A different composition of the K Its may be found in serum or
adipose tissue samples from occupational!) excised workeis I 01 instance, if
the workers ore primarily exposed to Aroelor 1016 or AUK. lot IJ-I2, whuh
contain much less ol' the more highly chlorinated homologs, then their
gas-chromalographic patterns resemble a combination of Ai>O»r 1016 or
1242 and Aroclor 1254. For this reason Smith et al ( I7 i . m evaluating?
occupational exposure, divided PCBs into high and low chlorinated
biphenyls. The gas-chromatograplne pattern ol the PCB mixture present m
humans can be used to determine whether the exposure occurred pnnutnty
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through occupation or through the environment, or, in the case of occupation-
al situations, whether most of die exposure was recent or occurred many yean
ago.

Although 93% of the US population eats fish, the average annual per capita
consumption is small: 15 IDS. per year (6. 7). If PCBs are lo be quanlitaled in
fish, the edible portion rather than the whole fish must be examined. Because
of their lipophilicily, PCBs are preferentially stored in the hepalopancreas of
die fish, giving erroneously high levels if die whole fish is analyzed,. Sim-
ilarly, levels in cooked fish ara tows**).

Generally, PBBs are not found in die environment because they have had
less commercial us-; than PCBs. PBB contamination is essentially restricted to
Michigan's lower peninsula. Most persons who lived in Michigan during the
1973-1974 period have tow-level PBB body burdens (18). The greatest
degree of contamination occurred mainly in areas with contaminated farms;
diis segment of die population still has appreciable body burdens (19).

Since PBBs and PCBs are lipophilic, they are preferentially stored in
adipose tissue. They are also present, to a smaller extent, in serum and other
organs and in human milk. The concentration of dwae materials in different
organs depends upon me lipid content of such organs, wim the exception of
die brain when die concentration is lower dian die lipid content would
indicate. PCBs and PBBs pass the placenta and an primarily excreted through
bile and milk. In addition to lipid content, the ratios between adipose tissue,
blood, and vital organs are influenced by exposure level, sex, age, length of
exposure, and also by whether exposure is current. Al very low con-
centrations an analytical imprecision influences die ratios much more than at
higher concentrations (19). Since human milk is relatively easy to obtain, it
has been used to monitor human exposure. Jensen (20) recently summarized
results of such monitoring studies. Awang* levels of PCBs bslow 2 ppro
(mf/kg) in milk hi have normally been (bund, akhough woman living in
>ssnrUy itMhMtriattod mban anas may have higher levels. The fat concentra-
tion in human milk averages 2.6-4.5% (21). At 2% fat, I liter (I) of milk
would contain 0.04 mg or 40 MS* if the PCBi were present in milk fal at a
concentration of I ppm. If an infant weighed 5 kg and imbibed 750 ml of milk
per day. it would take in about 6 Mg/kg, a dose that exceeds (he 1.5 Mg/kg
dose calculated as acceptable by Cordle et al (6). At 1% milk fal this dose
would be reduced to 3 Mg/kg. As die infant gains weight, die dose on a
kilogram body weight basis will be reduced lo some extent, however; milk is
die sole food source for only about six months. After the first week, die daily
milk intake is estimated to be ISO ml/kg boJy weight per day. This consump-
tion gradually falls after two months and declines lo 120 ml/kg body weight al
four-lo-six months. Finally, die amount of PCBs and other halogenaied
organic chemicals declines with lime. However, at low concentrations this
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may not be obvious because <>l continued ex|>usure ol the mother and (In-
variability of the unalylicul results. In addition lo HCBs. human milk contain**
trace amount* of many other persistent- chemicals Whether the infant's
consumption of sueh chemicals has any adverse health ellecls is not known

Most persons, particularly in mdusiriali/cd (.outlines. have had some CAJKI
sure to polychlurinalcd biphenyls even it they Jo not eat lish The con-
centrations at which such exposure presents a risk ure not clear Recently,
Cordlc el al (b, 7) calculated Ihc dose ol \\ Us lo people consuming lisli lium
Lake Michigan. They concluded thut ix-r-ons eating Irfilu: Michigan tn.li
ingested an average ol 46.5 mg of PCBs per year: this amount ranged trum
14.17 lo 114.31 ing/y cur/person. The calculated mean daily dose received by
the exposed group was 1 .7 M^g/da> ami ranged Irom U lW lo 1 94 Mg^g/
day. Thiw. the average sports fisherman consuming contaminated lish wu«td
receive a total PCB dose equal lo 200 nig in about 4.3 years. No aduMMc
health effects or groups of symptoms clearl) related to PCB cxputurc cauM fee
identified in this exposed group. The presence ol PCBs in the e*|>o»*:d peraoa*
has not caused any observable advene health ci:ccts similar to thusc ubtcr
in the Yutho population (see below). However, tins Imding does nut
the possibility thai the effects are loo subtle for detection or thai they
long-term observation

Similarly, in Michigan un analysis ot I .t)7S human milk \aiuplcs showed
that all contained PCB residues and ili.il (lie residues ranged liom trace
amounts to 5 ppm (mg/kg) based on fat level I he public hcalili significance
of PCB residues in human breast milk and (heir elicits on breast led mlanis
are unclear. Since there arc no human data on winch to base public health
policy, risk predictions for HCBs have been based on results Irom animal
studies, particularly the positive bioassa) studies. Reviewing these data.
Cordlc el al (6. 7) concluded that a 2-ppm (mg<kg) tolerance lor PCB in fish
be established, since u I -ppm (mg/kg) tolerance docs not greatly reduce the
estimated nsk.

As previously mentioned, some ol the isomers ol the PCBs and HBUs arc-
much more easily degraded or inetaboli/ed. Because they can be metabolized,
they are more easily excreted. Others may be retained in the body Tor long
periods; in general, the PBBs appear to be mote persistent in human tissues
than (he PCBs (1 9. 22).

POLYCHLOR1NATED BlPHtNYLS
Background
When PCBs were first used industrially some Mdikcis dcvclo|K-d Jilofjoie
Results of eurly animal studies seemed to suggest that K'bs might luve some
toxic effects on the liver. Beyond thai observation no mlonruiiion was avail-



able. Because PCBs were so inert chemically, they were not considered to
cause a great deal of loxkily. in 1968 a poisoning outbreak occurred in Japan
(23) thai affected over 1,000 persons. These individuals had purchased rice
oil, in Urge drums, from a single source and had used this rice oil for cooking.
Chloracne was one of the leading signs in those who became ill. it was soon
discovered that PCBi bad been used as a heat-exchange fluid in the factory
where the rice oil originated. PCBs had leaked out of the columns in which
ihcy were contained into the rice oil when Ihe rice oil was healed. Since the
disease was caused by ingesting contaminated rice oil, it was called Yusho
(nee-oil disease). When the outbreak first occurred, its association with
exposure to PCBs was not clear. Al that time the capabilities for measuring
these type* of chemicals in tissues and body fluids were limited, particularly
m Japan. Therefore, early in the investigation total chlorine, rather than
PCBs, was measured. Retrospectively determining Ihe precise dose these
patients received is difficult Whether Ihe consumed oil was uniformly con-
taminated U also not clear. However, a relationship between the amount of
lice oil ingested and some symptoms could be established (24). Because of
this poisoning outbreak and other environmental problems, animal studies

| were started in Japan, in the United Stale*, and in other countries to elucidate
he toxic effects of PCBs. These data are summarized in several detailed
cviews (16, 25, 26).

\nimal Studies
IMS article addresses primarily ihe human health effects of PCBs and PBBs
hereforc we highlight only recent results from animal studies that might gi e
belter understanding of implemented public health policies and potentul

uman health effects. One of the difficulties in using animal data to predict
uman health effects for PCBs and related compounds is that animal species
ary greatly in weir responses. Further, many of Ute animal studies use
latively high dotes. Therefore, determining how such animal studies relate

> the human situation is difficult. Some animal species, such as the subhu-
jui primates, the guinea pig, and the mink, are much more sensitive to the
xic effects of PCBs than the rat or the mouse; also the types of toxic effects
id morphological changes in the organs of different species vary.
Most animal studies conducted during the 1970s used mixtures of PCBs. In
ncral, PCBs were found to affect reproduction and the immune response,
d 10 cause liver tumors in rodents (16). When different mixtures of PCBs
:re studied, however, Ihe results were inconsistent. For instance, the mix-
re Aroclor 1254 affects reproduction in rats at much lower doses than does
oclor 1260 (27).
More recently some of the isomers of the PCB mixture were found to be
jch mote toxic than others (2ft-32). The more toxic isomers constitute only

HUMAN HEALTH hhHtCTS Ol K.'B> 4 I'

a very small portion of the mixture, particularly those with less chlorine by
weight, such as Aroclor 1242 or Aroclor 1016 Recently. Schacller el al (33)
found that a German PCB mixture—Clophcn A 30. with an average composi-
tion of 1% monochlorobiphcnyl, 20 7% diclilorol>iphcnyl. 57 4'4 tnchlo
robiphenyl. 17.3% teiruchlorobiphcnyl, I XU pcniachlorobiphcnyl. 10%
hexachlorobiphcnyl, 06% hcpuchlorobiphcnyl. and 0.1% octachlor-
obiphenyl—produced u 3% incidence ol hepatocellular carcinoma, whereas
Clophen A-60 produced u b\% incidence ol hcpatoccllular carcinoma m
Wistar rals. The incidence ol the disease m ihe controU was 2'4 Ihe C'lnplicu
A-60 had an average composition ol 02'.( monuchloioiiiplieii)!. I IU Ji
chlorobiphenyl, 2.2% trichlorobiphcnyl, 3 I'/t letrachlorobtpbenyl. IV 8%
penlachlorobiphcnyl. 43.2% hcxachlorohiplienyl. Ji 3'* hepiachlor
obiphenyl. 4.7% oclachlorobiphenyl. and 0 3U mwaclilorobiphcii)! Sim
ilarly, Norback & Wcllman (34) and Kimbrough el al (33) were able to
produce hepatocellularcarcinomas in rats with Aroclor I2o0. the moie highly
chlorinated Monsanto product.

When Aroclor 1254 was. led to rats, lewer l ive r tumors developed in
exposed rats (36); however, the incidence ol gaMnc intestinal metaplasia and
adenocarcinoma of the stomach increased (37. 3H» Whether K U tractions
without hexachlorobiphenyls. hcplachlorobiphcuyls. and ociachlorobiphenyls
produce hepalocellular carcinomas in rodents should he expl. red

Particularly in the United Slates, mixtures such as AUK.lor 1242. 1254. and
1016 were used more than Aroclor 1260. B<cuusti of these dillercncct in
potency, the PCBs in heavily contaminated areas til' Itur environment should
be Thfirtfflfriyfd according to their isomcric composition hur msLance.
whether the PCBs in Lake Michigan are ol the same composition as those
found in New Bedford Harbor, Massachusetts, is not clear

Aside from tumor formation. PCBs cause a variety ol other b*»iog*c«l
effects, such as the induction of enzymes (3V). In some species they may
cause atrophy of the Ihymus, intrahepatie bile duct h)(viplasu, hypcrplasu ol
Ihe epithelial lining of the urinary bladder, ulrophy of the sebaceous glands.
and hyperkeralosis of the ducts (40). Some isomcts aie fetotuxic. and some-
produce metaplasia of the sebaceous glands, luilbeds. amcloblasts. Ihymus
corpuscles, and gastric mucosa (28. 41). Subhunuin primal**, mink, and
guinea pigs are particularly sensitive to Ute touc ellects ol tt'Us. oilier
species, such as the rat, the mouse, and the do^. can tolerate much higher
dotes. From empirical observations, humans also appear to be ten, sciuitivt
to the toxic effect! of PCBs. The ability to store these chemicals m adipose
tissue may be protective. Generally, the subhuman primates arid mink have
less adipose tissue than humans. Animals with gicatu abi l i ty to stoic vnamm
A on a quantitative basis, such as the hamster and the rat. are somewhat less
susceptible to the toxic effects of these ty|vs ol coni|xmnds (42) Ihe



m by which these types of chemicals affect hepatic rctinoids is not
clear. Apparently, the duration of the reduction of hepatic retinoids does not
correlate with die induced aryl hydrocarbon hydroxylase (AHH) activity (43).
Body Burdens

, hive nported PCBs in human tissues (44. 45). in the
United Slates, according to data from the Centers for Disease Control (CDC).
mean PCB serum levels are about 5-7 ng/ml (pbb), although some patients
may have higher serum levels without any documented unusual c .posurc.
These data were also summarized by Kreiss (46). Levels in adipose tissue and
in human milk fat are 100-200 times as high, since PCBs are highly lipid
soluble (20). Met el al (47) reported that PCB levels in adipose tissue of
accident victims ranged from 0.9-9.4 mg/kg.

Sahl et al (48) surveyed PCB blood levels in 738 pre-employed and 1.058
currently employed workers of a utility company. The median blood level
before employment was 4 mg/1 and the range. 1-37 mg/1. These levels were
o^ute similar to those in the currently employed group.
- Patients who died of cancer in Denmark had somewhat higher levels of
PCBs in their adipose tissue (49). Since terminal cancer patients have usually
lost a great deal of weight, biocooceotraUon may have occurred. Similarly, in
patients with highly impaired liver function, tissue concentrations of xenobi-
otics may be slightly higher than those in healthy persons. However, levels
"m«tti'«f*« higher if parameters such as weight, height, occupation, and resi-
dence were considered (SO), whereas levels of PCBs in breast fat tissue from
patients with breast cancer were similar to those of controls. (51).

•tatjanMsc, Lawton el al (52) desaonatiated that random errors and
ioMtabocainry variations in proceduiv and methods of data icportkui can
faafhkMM sanam and adipose PCB Jamals. Unless an iiuerlaboralory quality-
control system is set up, measured levels between laboratories are not neces-
sarily comparable. For instance, Lawton et al (52) found that the res' Its of
repealed analyses on serum samples of known composilion showed the 95%
prediction interval for an individual measurement to be about ± 42%. This
interval depends on the method of extraction, Ihe procedure used, and the
flj£BaV of Qiiafititatiofi

Summary of Human Epidemiology Studies
Recently, investigators studied me predominaully black population of Triaoa,
a small rural town in the southern Uniled Slates (S3). This population was
excessively exposed to DDT residues by consuming contaminated fish The
residents also had PCB body burdens. Fish consumption correlated positively
wim PCB blood levels; no other source of PCB exposure could be established.
These mearcbera noted dial PCB serum levels increased with age anr that
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levels were lower in ferrules of each age group Similar findings were ——
for DDT residues. The serum cholesterol level was positively associated with
the log PCB level, independent of age. sex. lish consumption, body-mass
index, and alcohol consumption \\*^» ..: borderline and dcliitibt hyswMMf
sion for study participants were JO'4 higher than those expected mt ifcoJNNkV
of national rule* (54). Log PCB serum values coninbuied significantly to
explaining the variability ol log systolic and diastolic blood pressure in
multiple regression analysis (55). Median total cholesterol levels of in-
dividuals in the United Stales increa.se with age from about ISO lo 160 mg/dl
al age 20 to over 200 mg/dl at age 50. PC'Us in blood are influenced by serum
lipid content, and populations with inherently lowei total scrum cholesterol
levels appear lo have a different PCB serum to adipose tissue ratio. Ihe
age-associated increase in blood HCB levels could be related to the long
half-life of some PCB isomers that are preferentially retained m mammals
(29); as long as exposure continues, a true steady stale between intake and
excretion is never reached. Other variables alteeling body burdens may be
differences in metabolism with age. In the Triaiia studies, the blixxJ levels ol
total DDT residues also increased with age. and others have mod: similar
observations (56. 57). Lawton et al CSK) studied workers who had been
exposed lo electrical-grade Aroclor 1016. 1242, and/or 1254. the study
covered the period Irom belorc the workeis were excised lo two yean, alter
PCB exposure ceased. Serum levels lor the lower chlorinated IX'Us in IV77
ranged from 57-2270 ppb and m IS»7s». ir.mi 12 .192 ppb. lor (he higher
chlorinated PCBs serum levels ranged Irom 6-142 ppb in 1977 and Irom
4-108 ppb in 1979. These findings again illu>ti;iie the preferential excretion
of lower chlorinated PCB. Lawton et al (SKI also found thai cholesterol levels
correlated with log serum PCBs. Similar associations with log serum PCUs
were found for log gamma glulamyl iranspcpiidase (GGTP) and, in sonic
cases, for log alanine aiiiinotranslcrasc When the PCB concentrations were
expressed as levels in scrum lipids, all the associations between serum lipids
or enzymes and log scrum PCBs disappeared except for those between log
GGTP and log PCBs. Similarly. Chase ei al t5v> lound no significant
correlation between either serum iriglyccride* or aimiHXranslera.ses and (he
PCB levels in adipose tissue. How age and length of exposure affect Utese
parameters is not adequately explained m the unicle. Finally,-.AMj
Okumura (60) were not able lo confirm a pukiuvc assocumoa, bfiwecji
blood IfiVfi!* and elevated blood pressure m Yusho patient*.

• Thus, a* Brown (61) has suggested, the positive «**oviauon between
scrum kvals and elevated triglyceridcs and serum cholesterol can he
plained by us increased solubility of PCB in scrum with higher lipid content

la several cross-sectional studies of exposed worker*, only miner
abnormalities not necessarily related lo K'H exposure have been deuxKd



(62-66). In eras-sectional studies, however, the ability to. evaluate chronic
heahk effects is limited. In several studies, a posiiivc association between
'results of one liver function lest — the lest for y-glulamyllranspepiidase— and
PCB blood kvels has been found. Kimbrough (67) has summarized earlier
studies oo the health effects of PCBs observed in workers.

In 1930 and 1940. chioracne, a disfiguring skin disease, was reported
among workers exposed to PCBs. One of the clinical features of chioracne is
the chioracne cyst, which is skin colored and measures from 1-10 mm in
diameter, with a central opening. The other dominant lesion is the comedo.
The skin lesioiu may only involve the face, but many also extend to other
parts of the body. Microscopic examination of human skin biopsies from
chioracne cases shows markedly dilated hair follicles filled with keratin. The
sebaceous glands involute partially or completely. The epithelial cells lining
the hair follicles and the adjacent surface epithelium proliferate, and acaniho-
sit is present. In old lesions, the epithelial lining of the greatly dilated hair
follicle* becomes airophic.

Jones A Aldeo (68) examined 17 of 23 workers engaged in the production
of PCBs. The workers had chioracne involving the face, geniulia. trunk, and
extremities. Before the outbreak of chioracne in the plant, the electrical
property of the PCBs had falkn below specifications, and the color had
deepened. In the report, symptoms of illness were extensively described for
(he first worker who was diagnosed as having chioracne. This worker com-
plained of lassitude, loss of appetite, and loss of libido. Over the years, other
a*e* of chioracne following exposure to PCBs have been reported. MM4T*

•to*** Jmpivad •tjngpsj lo vacua *•* fcneloped wktt C£Bf ttlX Ittliisi •
69).
'At times, the skin rashes that developed in workers were accompanied by —

vruritu*. Some workers also complained of burning of toe eyes, nose, and
luoat; dry throat; nausea; and dizziness. Meigs et al (70) reported chioracne
i workers who bad been exposed to PCi> vapors for 5-14 months. The
joceotration of PCBs in the workers' breathing zone was O.I mg/jn,1,
vwtaM* trf alight Jhrw ifjwy ww ate SVMHI. Ouw et al (71) found air
vels in a capacitor plant that ranged from 0.32-1.44 mg/mj Aroclor 1242
•CB). Here worker* complained of burning eyes, face, and skin in general,
>d persistent body odor. One worker suffered from chioracne, five com-
ained of eczemaious rubes, and a few had abnormal liver function tests.

had a SMM KB M**4 tart «f atom 400 pf*<Mg*f). In most

< study. workers who did KM have chlonae wm fouad to have abaonnal
a tefttin (69).
PCB* also affect the liver by inducing mixed-function oxidate*. Alvares el
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al (72) determined that in live worker-, occupaiionally exposed (o Aroclor
1016—a PCB mixture primarily composed ol dichlorobiphenyls, tnchlor-
obiphenyls, ictrachlorobiphenyls, and pcntachlorobiphcnyls—plasma aim
pyrine half-life was significantly lower than ihai in matched controls, suggest -
ing the induction of mixed-function oxidases m the liver These workers had
been exposed to Aroclor 1016 lor at least two years and had no obvious
symptoms of PCB poisoning.

Other health effects arc eye and upper respiratory \nn»tttm War shaw el al
(65) studied a group of 32(> workers in a capacitor plum wiih u nieun
employment of more ihan 15 years and mean employee age* ol 41 I years lor
males and 47.3 years lor females Work-i elated eye or upjicr respiratory
irritation was reported by 48'£ ol the workers, and IlKi had experienced
lightness in the chest. .Spiromclric studies were conducted on JlW workers. Go
of them were dropped from the study because they hud been exposed to talc,
textile dust, or asbestos. Thus. 24.1 men were available lor analysis In males,
there were about twice as many smokers and cxsmokcrs as nonsmokerv In
females, the proportion ol noiismokers was higher, Thirty-lour of the workers
(14%) had a reduced vital capacity, and 27 ol these- demonstrated a restrictive
pattern of impairment. Because of additional variables such ax mitAntipMP
asbestos exposure, these findings are difficult to interpret,,

Taylor el al (73). in an attempt to determine wttelhcr the Ictus would he
affected in capacitor workers, examined pice.iMiicy outcome and buih weight.
and found thai the gestation period was reduced by one wack-̂ Trrc 1hî intf
weighed slightly leu Uun ibe controls: this finding could be explained by the
reduced gestation period. Smoking and Mkohol cuiuumutius)
trolled, however, furthermore, whether the socioccominne
of women was similiir u> Uut of tlw control îoup is IMM clear Ihus, until
other studies confirm these findings, they should be viewed with caution.
.. In several papers Jacobson and his USMICUICN rc|x>ncd behavioral changes
and a reduced gestation period in association with higher lish intake or higher
intake of PCBs (9. 74-76). Furthermore. Jacobson et al (74) reported that
inlrauierine PCB exposure may have a delayed eflect on central nervous
system functioning. Since genetic makeup, the motliei \ lifestyle, and acute
illness also affect these parameters, these Imdni^s are difficult in interpret.
Furthermore, many other chemicals arc also excreted m human milk (20)
Rogan & Gladen (77). lor instance, found that mothers with high levels of
DOE |l,r-(2.2-dichloroelhcnyliJene)-bi.s-4-chlorofien/cne| in their milk
tended lo wean their infants ea/lier, us they did not thrive Apparently. PCB
levels in milk were higher in older women, women who drank alcohol
regularly, and primipuras (78).

Whether high levels of DDt affect lactation is not clear In animals, DO I
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homologs, but not specifically DOE, have been shown to have eslrogenic
effects (79). Before these findings can be clarified, additional studies must be
done.

No conclusive evidence thus far reported shows that occupational exposure
lo PCBs causes an increased incidence of cancer. Bahn el al (80) reported
results of a preliminary study of a group of 51 research and development
employees and 41 refinery plant employees at a New Jersey petrochemical
facility. Between 1949 and 1957 these worken had been exposed to Aroclor
1254. Three melanomas and two carcinomas of the pancreas were found. This
incidence was significantly higher than expected. Exposure to other chemicals
also occurred, however, and the cohort was small.

Brown A Jones (81) conducted a retrospective mortality study of 2.567
worken in two capacitor plants. The relatively few deaths (163) severely
limited the statistical power of the study, and the average follow-up was only
15 yean, whereas latency periods of 20-30 yean are not uncommon for
cancer. Over 50% of the sample had exposure lo PCBs for two yean or less.
Deaths from liver cancer, cirrhosis of die liver, and rectal cancer were slightly
higher than expected, but not significantly for both sites combined. The
observed increase for cancer of the rectum was statistically significant among
females al one of the plants. In a follow up study (82) no additional cancers of
the rectum were noted, and the standardized mortality ratio (SMR) dropped
from 336 to 211.. However, two additional cancer* of the liver and biliary tract
were observed, bringing the total of these tumors to five as reported on the
death certificates. However, a review of the medical records raises questions
about at least one of these tumors.

Bertazzi et al (83) reviewed the mortality of 290 males and 1.020 females
who had worked for six months or more in capacitor production. Males had a
statistically significant increased number of deaths from all neoplasms. When
deaths were analyzed by organ system, deaths from neoplasms of the di-
gestive system, the peritoneum, and the lymphatic and hematopoietic tissues
were higher. Among females, all causes of deaths were significantly elevated.
The actual numbers in this study, however, were small.

Yusho and Yucheng
Two outbreaks of poisoning have been reported thai followed the ingestion of
rice oil contaminated with polychlorinaled dibenzofurans, biphenyls, and
quaterphenyU (PCQs). The first outbreak occurred in Japan in the summer of
1968 and the second outbreak, in Taiwan in 1979. Ironically, the outbreak in
Taiwan repealed what had occurred 10 yean earlier in Japan. Many studies of
these two outbreaks have been published in Japanese or Chinese. In 1984
some of the information in these reports was published in English in the
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American Journal uj liuluiirtul MeJniiie 5.I-I5.V the inloimalion u also
summarized in volumes 5V and 60 ol t.nvinmtni'nial Health Perspective*

In Japan and Taiwan the disease wus linii recognU«J no« Mi«»̂ »*MaaB>
developed in the allected patients (84) In Japan, members of all ol the
affected households had purchased ncc oil Ironi a specific company, and (he
toxic rice oil produced or shipped on February 5 and 6 ol
amount* of Kancchlor 401), a brand ol PCB with it
At the lime of the outbreak, no analytical methods specific lor PCBs were
available in Japan; (he concentration ol Kancchlor 400 in the oil was there-lure
estimated Ironi the organic chlorine content to be 2.OUO-.1,000 |>pm Kanech
lor 400 had been used lor heating the rice oil in 4 nteul container at over
200°C, at u reduced pressure ol 3-44 nun Hg. to remove odorous material
from it. Kancchlor (K) must have leaked Horn (he heating pipe into (Itc
processed oil. but (he actual mechanism ol the contamination has apparently
not been determined. The reanalysis ol the K-nce oil, once (he methods were
developed, showed that some ol the oil samples contained 1.000 ppm (mg/kg)
PCB. This concentration was much lower than had originally been estimated
Therefore, other chlonne-containing compounds were assumed to be in the
oil. and additional samples were analy/cd. The oil was lound to contain an
average of 5-ppm polychlorinaled diben/olurans (K5). According to Buscr ei
al (86), the Yusho oil contained more than 4O pol>chlorinated diben/olur*n
isomers. including the highly toxic 2..1.7.H-icirachlorodiben/i>luran (TCDH
and 2.3,4,7.8-pcnlachlorodibeiuoluraii iHCUH In addition, (he oil con-
tained PCQs at a concentration of 866 ppm (87. 88).

According lo estimates made by Kuratsune (8V). the total amount ol HCB.
PCDF, and PCQs consumed by (he paiicnis was. mi the average. 6JJ nig ol
PCB. 3.4 mg ol PCDH, and 5V6 nig ol PCQ- This calculates lo roughly 157
Mg/kg body weight/d PCB. O.V Mg/kg body weighi/d HCDl . «nd 148
body weight/d. PCQ. Al (his dose the length ol the latent pond
exposure and onset of clinical illness was roughly 71 days, with a mag*, kaftn
20 lo 190 days. Some of (he oil (he patient* consumed may have contained
higher or lower levels because in such situations contamination is usually not
uniform. Furthermore, the patients consumed different amounts of con-
taminated rice oil. Tbfi tjCverity u4 symptom* w«u positively amnrialnrf wilfc
the amount of contaminated rice oil etni\unial (24)

Early in the outbreak the patients had chloracoc. dark-brown pigmentation
of the nails, itching, pigmentation of tlie skin., swelling ol the limbs, pig
menled mucous membranes, eye discharge, bypercmic conjunctivae, jaun-
dice, swelling of the upper cyeli'J::, u le-.'ling of weakness, numbness of the
limbs, and lever. Over 1.000people were allcctcd Thirty su babies showed
fetal PCB syndrome, which consists primarily of a dark-brown pigntcnuiion



the skin (Cola babies). The cutaneous pigmentation was caused by an
crease in melanin pigment in the epidermis (90). The mucous membranes
ere also pigmenled. In all cases, the pigmentation disappeared by the time
c babies were between two and five months old. In affected infants, the face
as edemalous, and spotty calcifications were noticed in the parietal and
cipilal areas of the skull. In a few of the infants, the teeth had erupted at

irth. Subsequently, the adult patients with clinical disease complained of
iving to expectorate a great deal and, on auscultation, wheezing was noted;
jwever. on examination, there was no evidence of bronchial asthma or
jlmonary emphysema. In many of UMM paMm^J^jtiiuratary symptom
*ve nareiitad^ and ttte pariann have ok~"^llviflic^Mafaa»i- In the early
970s. some changes were noted in die patientsT serum immunoglobulin
vcls, but the levels returned to normal. Over time the severity and the extent

I the skin lesions improved considerably in the exposed population. Fjflitn
the- ace tat lit, owy •

About five years after the outbreak of Yusho, tissue and body fluids of
i usbo patients were analyzed for various congeners of PCB and PCDF. At
his time, the PCB levels in adipose tissue were 1.9 ± 1.4 ppm (mg/kg). In
he liver they were 0.08 ± 0.06 ppm and in blood, 6.7 ± 5.3 ppb (/ig/kg);
hus, they were not very different from levels in the general population in
apan. On the other hand, the isomeric distribution for the PCBs in the Yusho
aiienls varied from that in the control population in the same area (92).
Ibout 40 PCDF congeners were identified in the rice oil that the Yusho
aticnts ingested. Only tome PCDF congeners were retained in the body fc a
>ng time; they included 2.3.6,8-TCDF, 2,3.7.8-TCDF. 1.2,4.7,8-PCl F,
',3.4,7,8-PCDF. and 1,2,3.4,7,8-hexachlorinaled dibenzofurans. Since
hcse congeners do not have free adjacent carbon atoms, they are not as easily
neutralized and excreted. More of the 2,3,4,7,8-PCDF than the other iso-
iters was retained in the patients' tissues. In the five patients studied, the
oncentration of this isomer ranged from 6.9 ppb (/ig/kg) in a specimen
ibtained in 1969 to 0.1 ppb (Mg/kg) in a specimen collected in 1977.
Measurable concentrations of TCDFs were only detected in the earlier years.
Uihough not the most toxic isomer, the 2,3,4,7,8-PCDF caused mixed-
unction oxidase inductioo at a dose of I Ml/kg in rats, and atrophy of the
hymus, suggesting loxkity at a very low dosage level. Thw, *• clinJdix
nanifettatioea obacrvcd to HMM patimnu were primarily caused by the
VCDFt, sysyifksJly by the more loik lumen.

In the Yucbeng episode, it was never determined with certainty how the
nee oil was contaminated (93). In 1979 a school for blind persons informed a
local health bureau in Taichung County that a strange disease characterized by
on acnelike skin eruption had been occurring frequently among students and

staff since the end of March Al (he same time. H.S ol 130 worker-- in a nearby
plastic shoe factory had ihc same symptoms. Later ihai yea r , this outbreak
was also reported to a local health bureau Victims in both outhieaks had
consumed the same biand ol cooking rice oil, which had been manulaciuied
by the same company and which had been purchased in (he same siore For
this reason Ihc rice oil was ihc prune susjicel in (he oulbicak In additional
reports of outbreaks in ndier companies and in ihc gcncial imputation, all
victims had consumed the same type ol C'-rue oil.

Finally, because the disease resembled the Yusho disease in Japan, samples
of C-ricc oil and palienis' blood were analy/ed in Japan and weic Inund lo
contain cither u Kunechlor-4UU or a Kanecliloi-MX) nuxiuu- ui coiicciiiruiioiik
as high as 65 and 108 ppm (mg/kg). respectively. Over 2.0UO patients were
finally identified as having been poisoned by contaminated rice oil Oil
samples collected from other outbreaks contained PC'Hs at concentrations ol
31-300 ppm (mg/kg). Retrospective studies determined that live period ol
PCB intake ranged from 3 to ¥ months. Ihc average total intake lor each
person varied from 0.7? to 1.8 mg ol PCB Within the first year ol i he-
outbreak, the blood levels of PCB in 13 patients ranged Irom 3 ppb to 1.156
ppb. Most of the patients had blood levels between 11 and 150 p|>b (/*£%>
The symptoms observed in these patients were quite similar to those already
described for the patients in the I«M>8 Yusho outbreak in Japan

The rice oil wa> not only contaminated with HCBs but ulsu wait K U|
polychlorinated quaierphcnyls. h contained the same major com|H>ncnts ol
PCDFs observed in the rice oil in Japan—namely, 2.3.4.6.7-K"DF and
2.3.4,7.8-PCDF. Relatively high concentrations ol 2.3.4.5.3'.4' licxachlo-
robiphenyl were found in the blood and adi|H>sc tissue ol the Yucheng
patients. This particular PCB isomer is biologically quite active, and the
concentration of 2,3.4.3'4'-peniachlorobiphcnyl was also elevated in these
patients. Furthermore, as in the Yusho patients, the concentialion ol 2,3,7.8-
TCDF was comparatively low (92). Chen et al (SM) jnaly/cd additional
samples of the oil. blood, and adipose tissue ol the Yucheng patients These
investigators identified several TC'DF and ItDl isomerv Apparently.
2,3,7,8-TCDF was only a minor componeni in the oil. tlte major component
was 2.3,4,8-TCDF. One ol the major luruns in the toxic oil was 2.3,4,7.8-
PCDF.

The concentrations ol the PCDI-s in dillercni oil Njmples ranged liom 0.21
to 1.68 ppm. Polychlorinatcd i|ualeiphenyls were present in concentrations
ranging from 25 lo 53 ppm (mg/kg). Overall, the lOiKenirationt ol KOI -,
and PCQs were lower in these oil .samples than in the oil samples that had
caused the Yusho outbreak. Whether these oil samples were representative is
not really known. The 3,4.3'4l-telrachlorobiphenyl was also identilicd in the
oil that caused Yucheng disease in Taiwan. This isomer is considered to be
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the most toxic PCB isomer present in commercial PCB'preparations (95); it
was present al a concentration of about 1%. Moal other commercial POL

nh M the Arocloa, ia tfte United S«MM havtt MX hMH4howir

In addition to the epidenuological studies, some disease-specific in-
vestigations were also conducted. The blood pressure of ike YUCOOBJ and
Yusao patients was not affected (60). Although some of the patients in the
Yutbo cohort have died of cancer (90), the number has been small because
the latency period may be long, the population should be followed fo> a longer
period to determine whether the cancer incidence will increase.

Although PCB* and related coaipouH* ait1afe*ii lo affect reproduction in
animals, and alskwgh they affected adsw femes and neonataa in the Yucho
and Yucheng episodes, the information oe reproduction and fetal toxicity in
general is very limited. In one such *tudy. Hare (96) examined women
working in a capacitor plant who also nursed their infants and who themselves
had mild chioracne and erythema of the skin. The human milk of some of
these women contained, on a whole milk basis. PCB levels that ranged from
below 50 ppb (Mg/kg) lo about 400 ppb (/tg/kg). Forty children of these
mothers were followed for a five-year period. Some children were found to
have "decayed" nails, gingival pigmentation, mottled enamel, and dental
caries. No relationships between these changes or symptoms to PCB blood
levels, however, were observed. The general population in the United Slates
and other countries also has body burdens of PCBs. PCDFs. and polychlorin-
ated <tihrmMMiM"'n* (97, 98). However, these frfl̂ ltgrfnind rporcBtrations
particularly for to biologically active isomers—«n» far teww than the > wwe
in to YMBO and Yucheog patients, even several yean after exposure.

Chang et al (99) examined the delayed inunune response in 30 Yucheng
patients and compared their responses with those of 50 controls. The mean
age of patients in both groups was about 14 years. The authors injected a
solution of streptokinase and streptodornase subcutaneously into the lexor
side of the forearm. The response was read at 24 hours (hr) and again at 48 hr
after injection. Eighty percent of the controls had an induration of 5 mm or
more in diameter 24 or 48 hr after they were injected; only 43% of the
exposed group responded similarly. All of the poisoned palienu had dermal
lesions, and the percentage of patients with a positive response decreased with
increasing severity of the skin lesions (chioracne). Furthermore, the degree of
the dermal lesions appeared to be associated with the whole blood PCB
concentrations. Patients with minor skin lesions that were classified as grade
I appeared to have a normal skin response. The same authors found thai
PCBs caused a decreased concentration of IgA and IgM, but not of IgG, in
serum.

Furthermore, the percentages of total T cells, active T cells, and T mu cells
decreased, whereas the percentage of B cells and T gamma cells were not
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affected (100). These two rcpom are the fim in whtffc.fec
immune response was actually correlated with body burden*, of I
which only severely poisoned paiienu showed this effect.
contittftM with the findings from animal studies in
of PCBs affected the inunune response and also caused
effects.

In the Japanese and the Taiwanese Yusho and Yucheng poisoning out-
breaks, sensory neuropathy was reported in a number of paiienis lor whom
nerve conduction velocities were measured (101. 102). The blood levels of
the various chemicals <l»CBs. HfUI-'s. Pt\M were negatively correlated wiih
the lowered nerve conduction velocity, suggesting thai these types of chemi-
cals affect nerve conduction velocity, (li is noi quite clear why most in-
vestigators measure nerve conduction velocity lo detect sensory neuropathy
Other tests that would measure the detection of vibration, touch, and tempera-
ture would be more useful from a clinical |>ers|>eciive.)

Scppalainen c( al (103) examined 10 men working m a cardboard plant who
were exposed to fumes that resulted from the explosion ol 15 capacitors
containing Clophcn A-30. The first PCU air concentrations, measured 55 hr
after the explosion, were 8.000 to 16.000 Mg"iiJ air PCUFs were also
formed. The soot samples contained leirachlorodibcn/oiuran up to 90 Hg/g-
of which 6.5 /ig/g was 2.3.7.8-ieiraehlorodibcn/oluian. In addition, mono-
chloropyrcncs and dichloropyrenes were found Most ol the men had a
transient sensory neuropathy in their lower extremities.

Chang el al (104) reported increased urinary 5-aiinnolevulimc acid uropor-
phyrin excretion in 69 Yucheng patients over that ol 20 controls No informa-
tion on the paiienis' clinical conditions or on how these findings related to
degree of exposure was given. No such observations have been reported from
Japan.

POLYBROMINATED BIPHENYLS

Since the loxicity of PBBs both in laboratory animals and livestock was
recently reviewed (105), we do not review it here m detail In laboratory
animals, PBBs generally cause cliecu similar to (Juwc that the PCB* cau*f\.
They produce morphological changes in the liver, ailed reproduction, and
promote biochemical changes, such as hepatic poiphyria and induction of
mixed-function oxidases. Tcraiogenic effects have also been noted In addi-
tion, atrophy of the Ihynius has been reported, and hepatocellular carcinomas
have been produced in both rais and mice. The overall findings reported in
animal studies are similar to those that have been rc|<ortcd lor FCBs.

Although the PCB contamination of (he environment is a more general
problem, the PBB contamination primarily affects certain areas within the
state of Michigan. Must persons living wiilnn the lowei pemiiMjIj ol MIL In
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gut have had slight exposure, since the contamination resulted from dairy
products and since normal marketing channels for these products involved the
mixing of milk from many producers in relatively few processing facilities. In
addition, most cull dairy cattle are used for hamburgers and processed meat
products that would also receive wide distribution. Thus, the marketing
system diluted the degree of exposure for the individual; however, it increased
the number of those exposed. In 1978, the distribution of PBBs was com-
prehensively studied in a probability sample of 1,738 persons. PBB levels in
serum were determined, and 844 adipose tissue samples were also analyzed
for PBBs. PBBs were detected in 97.3% of the adipose tissue samples, in
68% of the adult serum samples, and in 72.7% of the serum samples from
children. The mean PBB concentration in adipose tissue was 400 ppb (pg/kg);
in serum it was 1.3 ppb (>tg/kg) for adults and 1.8 ppb (fi/gkg) for children.
The highest adipose tissue concentration was 37 ppm (mg/kg) (18). In addi-
tional studies, when cohorts of PBB-exposed residents of Michigan were
compared with residents of the stale of Wisconsin, a higher prevalence of a
variety of symptoms and complaints was noted in the Michigan residents
(106). Similarly, in comparative neurobehavioral studies, the Michigan pop-
ulation was found to be affected more than that in Wisconsin (107).

Since me findings were not correlated with body burdens of PBB in any of
these studies, determining whether other factors may be responsible for these
differences is difficult. In 1976. the Michigan Department of Public Health
established a cohort of fanners who had been exposed to varying con-
centrations of PBBs in their products and their environment. A total of 3,877
persons were enrolled. They included farm residents, direct recipients of farm
products, chemical workers and their families, and a few persons who had
been originally studied in a smaller previous study.

The serum PBB levels in this entire group ranged from no detectable levels
to 1,900 ppb Gig/I), with a mean of 21.2 ppb (ftg/l) and a median of 3 ppb
(/*f/l). Because of the wide range of exposure and because results could be
analyzed by regression analyses with exposure as a variable, a comparison
group for acute health effects was not included. This cohort was found to have
various symptoms and conditions; however, these symptoms did not correlate
with PBB body burdens. Symptom prevalence rates were slightly higher in
persons with no delectable PBBs in serum than in those with measurable
quantities. In all groups, including chemical workers and quarantined farm
residents, the highest prevalence rales were in persons with the lowest serum
PBB kvcl* (22).

Similarly, in Ibis study and in a previous immunologic study (108) no
dose-related depression of lymphocyte function in persons exposed to PBBs
could be demonstrated. All these findings suggest that there may be no causal
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relationship between the abnormal lymphocyte luncliuns observed in some
persons or the prevalence of other symptoms and exposure to PBBs This
cohort of Michigan residents is still being followed by the Michigan Depart-
ment of Health in collaboration with ihe Centers lor Disease Control Several
studies of subgroups ol this population and surveys lor chronic health cllecu
have been conducted since the cohort was first assembled (109, 19). When
serum and adipose tissue concentrations were compared, a significant correla-
tion was found. The serum: adipose (issue concentration ratios ranged from I
to 140 to I to 260 I'or pregnant women and male chemical workers, respec-
tively. Males from farms had a significantly different ratio of I to 323 to 329.
Potential iransplaccntal passage ol HBBs was demonstrated, since they could
also be found in the fetus and newborn. Cord blood conuined one-tenth of the
concentration found in the maternal serum, which indicated partial placcnul
passage. Human milk contained PBBs at 107-119 limes the quantity found in
maternal serum. PBBs were also detected in bile and feccs, which indicates
that these materials can be translcncd into the intestinal tract. All of ihcve
concentrations were measured long alter the population had first been c»pokcO
to PBBs (19). Concentrations of PBBs observed in bile and fcccs were about
one half to seven-tenths of the serum levels and are probably about 0.5% of
die adipose tissue levels. These findings indicate thai PBBs arc very slowly
excreted, which is consistent with (he findings of Tuey A Matthews in rau
(110). The estimated half-life lor PBB is <> 5 yean

More recently, two groups of Michigan residents- -those with high PBB
serum levels and those with PBB scrum levels around I ppb—were matched
for age, sex, and smoking. For both groups, various clinical laboratory tests
were conducted, blood pressure was measured, and height and weight were
determined. In this study, 83 participant had PBB serum levels of SO ppb
(/ig/l) or more. In the middle group. 8.1 Had HBB levels of 5-49 ppb and %
had PBB kvcls of 0-44 ppb (n&\) in serum. Urinary porphynns were also
measured in all of the participants. Thus far. the final results of (hit study
have not been reported. For most of the parameters studied—which included
serum glucose, iriglyccrides. high-density lipoproteins, various liver func-
tions, crcalininc. uric acid, thyroid function, proteins, calcium and phospho-
rus in serum, and also measurement of various porphynns—no differences of
clinical significance were found among different groups (M. Baronc. personal
communication). (Note: Even though significantly more women in the high
PBB group used birth-control pills than women in the low PBB group, loo
few were using them to affect urine porphynn levels ) In none of s variety of
other studies conducted on (his population us well as other groups in Michigan
did any findings indicate that ex|*>sure to PBB had impaired the health of the
exposed group. All of these studies have been reviewed by Fnes (105).
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Although this population was exposed during a 9-month period in 1973 and
1974. whether it will have chronic health effects is unknown. This particular
cohort need* to be followed for 30 to 40 yean before the question of chronic
health effects can be intelligently addressed. Two problems with assessing
chronic health effect* are that the cohort, in spile of its size, is still relatively
small and thai the amount of exposure il has received varied widely. Although
some memben of the group exposed to PBBs have relatively high body
burdens, these burdens are still appreciably lower than those of rats in which
liver cancer developed.

In the study by Kimbrough el a! (1 1 1), liver cancer developed in the rats
thai received a dose of 1.000 mg/kg body weight. This dose for humans
would roughly translate into a dose of 70 grams per person. These amounts
are much greater than the estimated mean total exposure per person. The
highest exposure was about 11.7 grams, and the mean was 170 mg per
person. In rats given 200 mg/kg. a dose that for humans would be between 1 2
and 14 gram*, only neoplastic nodules developed in their liven; there was no
evidence of hepalocellular carcinomas. Of course, whether humans would be
more or leu susceptible to the toxic effects of PBBs and whether their
response would be similar to that of rats is not known.

4 <wty 10 PCBc <v PBB*, i
**

Use of trade name* ia for ideMi/iciUoa* only "and doe* not constitute
endorsement by the Public Health Service or the US Department of Health
and Human Service*.
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introduction
On May 22, 1984, Food and Drug Administration
Acting Commissioner Mark Novitch announced that
the tolerance level of polychlorinated biphenyls
(PCBs) in fish would be reduced from 5 to 2 parts per
million (ppm), effective 90 days later. FDA had origi-
nally proposed this action in 1977. Environmental-
ists and consumer groups welcomed the Novitch
announcement, while commercial fishing interests
claimed that their industry would suffer economic
loss with no reasonable expectation that the public
health would be improved. The Commissioner, in
announcing his decision, voiced his opinion that
"chronic exposure to PCBs in the diet posed a poten-
tial risk (of liver cancer]."

The attitudes and reactions noted above are consist-
ent with the roles taken by each of the players in
similar confrontations over other chemicals in the
environment. While bona fide health considerations
must take precedence over economic consequences,
America's fear of chemicals in the environment
seems to be fueling an escalating corrective program
that is costing taxpayers billions of dollars. PCBs are
symbolic of the situation. This report will try to
explain why PCBs have come to center stage and
address the question of whether their potential
impact on our health is worth the cost of all the
attention they are getting.

Background
PCBs, chemicals consisting of two benzene rings and
two or more chlorine atoms, are a family of some
209 chemical compounds, ranging in characteristics
from light, oily fluids to heavier, greasy or waxy sub-
stances. PCBs were discovered over 100 years ago
and their production and use began in 1929. Because
of their remarkable insulating capacity and their non-
flammable nature, they soon gained widespread use
as coolants and lubricants in transformers and other
electrical equipment where these properties are
essential. PCBs replaced combustible insulating
fluids and thereby reduced the risk of fires in office
buildings, hospitals, factories and schools. In fact,
some city codes banned the mineral oil variety, and
required that all capacitors and transformers be of
the PCB type. Not only did PCBs make capacitors
flame-resistant, they also allowed capacitors to be
made smaller, thus lowering equipment costs. Insur-
ance companies required PCB equipment in many
locations.

For several decades, PCBs were routinely used in the
manufacture of a wide variety of common products
such as plastics, adhesives, paints and varnishes,
carbonless copying paper, newsprint, fluorescent
light ballasts and caulking compounds. It is esti-
mated that between 1929 and 1977, about 1.2 bil-
lion pounds of PCBs were produced in the United
States. There is, however, no commercial production
of PCBs in the United States at this time.
Even though U.S. production of these chemicals has
ceased, an estimated 750 million pounds are still in
use in this country.' Italy, France, Spain and some
eastern European countries are still manufacturing
PCBs, but very few of these foreign products have
been imported into this country.



How Did PCBs Get into
the Environment?
Two practices thought acceptable and hazard-free in
the past have led to PCS release into the environ-
ment:

1) Usually under permit, industries using PCBs in
their processes and products discharged the
PCB-laden wastes into rivers and streams; and

2) Other PCB-containing wastes were often dis-
posed of in open landfills.

Thus, an ever increasing amount of PCBs became
part of our environment. These practices, though
permitted by law at the time, were inappropriate and
potentially hazardous procedures.
When used in transformers and electrical capacitors,
PCB compartments are sealed so that the chemical
remains in place for the life of the equipment. On
occasion, seals have leaked or the external structure
has been damaged, resulting in PCB leakage.

Causes for Concern
Concern about the presence of PCBs in our environ-
ment began around 1966 when results of research in
Sweden revealed some buildup of PCBs. Study
results confirmed suspicions that the rate of biode-
gradation (natural breakdown) was very slow for
some of the PCB compounds.

In 1968, a widespread human poisoning episode in
Japan was attributed to PCBs. In 1970, large-scale
production reached a maximum, but production was
voluntarily stopped soon thereafter. Monsanto
Chemical Company, the sole U.S. manufacturer,
discontinued production of PCBs because of the
Japanese poisoning and because of additional con-
cerns about effects on human health and the envi-
ronment. During the following few years, sales of
PCBs were limited to sealed systems.

There are a number of different factors which led to
an increased interest in the possibility that PCBs
threaten our health and environment.

First, the fact that PCBs decompose very slowly and
their history of disposal routes assured that they
would become ubiquitous environmental contami-
nants. These chemicals accumulate in the food chain
and, given their relative insolubility in water and high
solubility in fats, accumulate in body fat. While their
persistence constitutes an environmental problem,
their mere durability does not, per se, make them
dangerous. This environmental hardiness, however,
was one of the first flags of concern.

For sevaral decades PCBs wera routinely used In the manu-
facture of a wide variety of common products such as plas-
tics, adhesivas, paints and varnishes, carbonless copying
paper, newsprint, fluorescent light ballasts and caulking
compounds.

Second, animal experiments involving PCBs have
raised some questions about possible health hazards
in humans. Although PCBs have never been shown
to cause immediate life-threatening effects in ani-
mals except at extremely high doses (the American
Industrial Hygiene Association classifies PCBs as
"slightly toxic to practically non-toxic"),2 there have
been some harmful physiological responses to PCBs
in animal models. When PCBs are administered to
rats on a long-term basis in increasing doses, there is
a dose related response reaction, from no effect, to
mild, to serious irreversible liver disease.3 Applying
PCBs to the skin of rabbits' and monkeys5 causes
certain lesions to develop.

Do PCBs Cause Cancer and Other
Serious Health Problems in Animals?
Many attempts have been made to answer this ques-
tion. One study —which was very widely publi-
cized—suggested that PCBs might cause an increase
in liver cancer in animals. In these experiments, con-
ducted at the Centers for Disease Control in Atlanta,
rats were fed 100 parts per million of PCBs in their
diet for 21 months and were subsequently reported
to have a higher-than-expected incidence of liver
cancer.* However, the results of this study have been
questioned by many. Another study, on mice,
showed only limited and restricted evidence for a



carcinogenic effect of the Japanese PCS compound
Kanechlor 500. Doubt arises as to whether PCB
causes cancer in animals because:

1) Other studies in the mouse and rat have failed
to show an increase in liver cancer.3''

2) One researcher re-examined the slides suppos-
edly showing cancerous changes and failed to
find any evidence of cancer.1

Why are there such discrepancies? Part of the prob-
lem arises from the methods used to interpret labora-
tory results. When histopathologists examine tissues
under the microscope looking for cancer, they follow
certain rules about how to classify what they
observe. While some scientists use one set of crite-
ria, others may use another. In the study reporting
liver cancer controversial criteria were used. In other
words, certain liver cell changes that were defined as
cancer may never progress to cancer. Furthermore,
studies have shown that most of the tumors reported
as cancer disappear when the animals are no longer
exposed to the chemical.
A comprehensive study released in 1982 by Drill,
Firess, Hays, Loomis and Shaffer, Inc., a consulting
firm specializing in toxicology, examined both the
toxicological and epidemiological literature on PCBs.'
According to their report: "Animal studies do not
provide convincing evidence that PCBs induce liver
cancer. Of the major studies in the rat, one has been
judged positive and two have been negative." They
also noted that experiments exposing dogs to PCB
did not induce liver cancer and that exposure to rats
did not induce bladder cancer, gastrointestinal carci-
nomas or cancer of the thyroid, pituitary, adrenal
gland, uterus, lung or other organs.
A study of rhesus monkeys suggested that dietary
exposure to relatively high levels of PCBs led to
severe reproductive dysfunction."0 However,
numerous other studies in other animal species have
failed to confirm this finding. The study of Drill, et al.,
addressed the question of whether PCBs cause birth
defects (teratogenicity). They concluded: "In a vari-
ety of tests, commercial PCB mixtures ... showed
no teratogenic activity in mice, rats, rabbits, and
monkeys.""

The Environmental Protection Agency (ERA) has
done its own review of the scientific literature on
PCBs and come up with a different conclusion.'1
Citing the experimental evidence of a carcinogenic
effect of PCBs in rodents and suggestive evidence
that humans may be susceptible to a PCB carcino-
genic effect. EPA concluded that PCBs are potentially
hazardous to humans. '3

A comprehensive study by Drill, Firess, Hays, Loomis and
Shaffer, Inc. notes that experiments exposing dogs to °<*«»
did not induce liver cancer and that exposure to rats did not
induce bladder cancer, gastrointestinal carcinomas or can-
cer of the thyroid, pituitary, adrenal gland, uterus, lung or
other organ*.

EPA dismissed DFHLS's review as being biased in its
selection and interpretation of the literature. The
authors of that review responded by noting that
"bias is not introduced by the exclusion of irrelevant
material." While it is understandable that EPA prefers
to err on the side of safety in protecting the public
health and to support the position of its sister
agency, the PDA, the question of how much evi-
dence is necessary (or useful) to declare absence of
peril remains open.

The Yusho Disease Episode
PCBs caught the public eye in 1968, when some
1,300 people on the island of Kyushu, Japan,
became ill from consuming rice oil contaminated
with a PCB heat-transfer agent. The victims devel-
oped a very severe and persistent form of chloracne
(a severe skin rash) after eating the rice oil, which
contained 2,000-3,000 ppm of a Japanese brand of
PCB. The disease soon progressed to more than just
skin disorders. Victims reported fatigue, nausea, and
swelling of their arms and legs, and some developed
liver disorders. Some babies born to exposed moth-
ers were smaller than usual. By 1973, about 1,200
cases of "Yusho disease" had been reported as a
result of this accident. By 1977, 1,665 cases had
been recognized, based on symptoms of ocular dis-
turbances, skin lesions, and primarily subjective neu-
rological symptoms. During the 11 years following
exposure, 51 Yusho patients died, with the cause of
death known in 31 cases.14 Eleven of the deaths (or



35.4 percent) were due to cancer. Only 21.1 percent
would be expected in a control population. The
media were quick to report that a toxic chemical was
linked to liver cancer among Japanese exposed to
PCBs.
Interestingly, in the years following the Japanese
poisoning incident, it became increasingly likely that
PCBs were not the cause of the illness." It was
shown that the heat transfer fluid which contami-
nated the rice oil contained only 50 percent PCBs.
Furthermore, due to mechanical problems, a combi-
nation of high temperature and some air in the heat
exchanger had converted about one-half of the origi-
nal PCB fluid into materials called quaterphenyls.
Beyond that, about 0.125 percent of the original PCB
fluid had been converted to polychlorinated dibenzo-
furans (PCDFs), materials which have been repeat-
edly shown to be much more toxic to animals than
PCBs. Thus, the contamination variable in the Yjsho
experience limits the value ot any extrapolation from
that episode to United States exposure. Even with-
out taking into account the extraordinary make-up of
the heat transfer fluid which contaminated the rice
oil. it is important to recognize that the PCB manu-
facturing process used by American plants results in
less than 25 percent the PCDF level of the typical
Japanese product. Most researchers who have stud-
ied the Yusho tragedy feel that it had little relevance
to potential health effects from PCB exposure in this
country.
Unfortunately, knowledge of the PCDFs' role in the
Yusho incident came too late, as the American public
was already up in arms in consideration of their own
exposure. Today, even those who are most con-
cerned about PCBs in the environment agree that it is
not possible to extrapolate acute and subchronic
jffects of commercial PCB mixtures on humans from
the Kyushu Island experience to PCB exposure in the
U.S.

DO PCBS Cause Disease in Humans?
A number of attempts have been made to detect
possible increases in disease incidence among indi-
viduals who have had more than the usual exposure
to PCBs. If PCBs cause human disease, including
cancer, it would seem logical that signs and symp-
toms would appear first in groups that are heavily
exposed. Yet over 50 years have passed since the
first workers were heavily exposed, certainly more
than ample time to detect a disease with a very long
latent period, such as cancer.

The most extensive occupational studies of long-
term exposure to PCBs involve electrical equipment

PCBs replaced combustible insulating fluids and thereby
reduced the risk of fires in office buildings, hospitals, facto-
ries and schools.
workers. Many of these employees had daily skin
contact with PCBs for many years and even inhaled
relatively high levels of the chemical and probably
ingested some while eating near their work stations.
Aside from occasional skin irritations that disap-
peared quickly, no significant adverse health effects
have been reported among workers in the electrical
industry. Four studies are particularlv significant:

1) NIOSH (the National Institute for Occupational
Safety and Health) studied maintenance work-
ers exposed to PCBs at two utility companies.1'
While their blood PCB levels were much higher
than the national background level (12 to 298
parts per billion [ppb] vs. 10 to 20 ppb), they
did not exhibit any ill health effects, not even
chloracne.

2) NIOSH also studied 224 workers exposed to
PCBs at an electrical equipment manufacturing
plant and found PCB blood levels ranging from
1 5 to 3,580 ppb. Despite finding such high
levels, again there were no ill effects rioted.'7

3) General Electric has studied the health of 194
workers heavily exposed to PCBs for an aver-
age of 1 5 years, some for as long as 35 years.
The first report included studies done on the
workers through 1976, and showed no ill
effects. A 1979 re-evaluation again failed to
produce evidence of ill health among these
workers."

8



4) Probably the most comprehensive data con-
cerning the long-term health effects of PCB
exposure comes from a NIOSH study of 2,500
workers employed by two separate capacitor
manufacturing plants." The researchers
reported no statistically significant excesses of
cancer. This is particularly noteworthy, since
more than 50 percent of these workers were
exposed to PCBs on the job for more than 20
years, and some for as long as 40 years.
NIOSH reported that the incidence of all cancer
mortality for these plant populations was
slightly lower than that of the general U.S.
population. While 182 cancer deaths would be
expected in a population of a demographic
profile similar to that of the 2,500 workers,
only 163 deaths due to cancer were actually
observed. Also, there was no clear relationship
between increasing lengths of employment in
PCB-exposed jobs and the risk of mortality due
to cancer.

These results cannot completely rule out the possibil-
ity that occupationally exposed persons will eventu-
ally develop PCB-related disease and mortality. But
the results of these studies are reassuring when con-
sidering the possible effects of much lower levels of
environmental PCB exposure on the general popula-
tion. It should also be noted that the age-adjusted
death rate for liver cancer in the U.S. has been declin-
ing steadily for the past several decades. This sug-
gests that environmental PCBs have not introduced
new liver cancer deaths.

PCBs in Fish
Due to their chemical stability, PCBs discharged into
rivers stay there for long periods of time. Fish living
in these waters acquire the PCB either through the
gills or during feeding. Because fish are unable to
metabolize the PCBs, they accumulate in fatty tis-
sues. In fish-eating fish, levels of accumulation are
higher still. Humans consuming fish ingest and accu-
mulate the PCBs as well.
For these reasons, fish are monitored for PCB con-
centration in contaminated bodies of water. Two
studies show that fish eaters have suffered no
known ill effects from PCBs.

The Michigan Department of Public Health, under the
sponsorship of the U.S. Food and Drug Administra-
tion, measured potential health effects of higher-
than-normal exposure to PCBs because of fish eat-
ing. The study involved 182 adults, 105 of whom
consumed over 26 pounds of Great Lakes fish per
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PCBs discharged into rivers stay there for long periods of
time and fish living in these waters acquire the PCBs either
through the gills or during feeding, accumulating them in
fatty tissues. In fish-eating fish, levels of accumulation are
higher still.

year. A significant correlation between blood PCB
levels and the quantity of fish consumed was
observed. But an evaluation of health histories and
current medical problems of the study subjects did
not reveal any significant differences between the
heavy fish-consuming group and those with lower
exposure to PCB-contaminated fish.30"
Similarly, the Connecticut Department of Health
Services conducted an analysis of blood samples and
medical histories on persons eating fish from the
Housatonic River. Again, there was a significant
correlation between the amount of fish eaten and the
levels of PCBs in blood, but no clinically important
findings were noted."

PCB Tolerances in Other Foods
In addition to regulating the amount of PCBs in fish,
the government also regulates PCB levels in other
foods. The Federal Register of June 29, 1978" spec-
ifies the following limits which are currently in effect:

1. 1.5 ppm in milk fat
2. 1.5 ppm in the fat portion of manufactured

dairy products
3. 3 ppm in poultry
4. 0.3 ppm in eggs

Most scientists agree that the primary human expo-
sure to PCBs today comes from fish. Measured levels
in most of the products mentioned above are far
below the tolerances.
The amount of PCBs in our diet is dropping according
to an EPA report indicating that the number of Ameri-
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cans with high levels of PCBs declined from 9.7 per-
cent in 1977 to 1 percent in 1981."

PCBs in Equipment
In addition to the dietary tolerances are a host of
regulations about equipment that uses (or once used)
PCBs. The Toxic Substances Control Act of 1976
banned the manufacture, processing, distribution
and use of PCBs in all products that were not totally
enclosed. In May of 1979, the ERA established
exceptions to the general ban. Among the excep-
tions were oils and other items containing less than
50 ppm PCBs. As more knowledge about PCBs accu-
mulated, the rules and regulations continued to be
refined.

Regulations now in effect were established on
August 25, 1982" and October 21, 1982". These
regulations require that capacitors in areas where
public exposure might occur (such as utility poles in
backyards) must be out of service by 1988. Use of
capacitors in protected environments —such as
fenced utility company grounds —is permitted until
the end of their useful life. In addition, a regular
inspection and maintenance program for certain
PCB-containing equipment is required.

What is All of This Costing Us?
Replacing, monitoring, and disposing of PCBs has
cost a substantial sum of money. According to the
August 24, 1982 Federal Register, some of the costs
of the regulatory activities include:

— $76.7 million for inspection of transformers
(other than those in food and feed facilities);

— $ 134.8 million for removing selected capaci-
tors by 1988;

— $ 16.04 million for replacing PCS electrical
equipment in food and feed facilities by 1985.

There are other costs as well. For instance, the
Cleveland Electric Illuminating Company expects an
incremental cost of $8 million to be passed on to the
public due to the requirement of replacing all PCB-
containing power capacitors in its system before
expected times. Public pressure in San Francisco has
caused the Pacific Gas & Electric Company to agree
to capacitor replacement, at a cost of about $ 12
million.

It is obvious that inspection and premature replace-
ment costs for electric utilities will show up in the
consumer utility bill. Costs of replacing equipment in
food and feed applications will show up in the con-
sumer food bill. The cost to private industry of
inspecting its equipment and replacing capacitors
12

The most extensive occupational studies of long-term
exposure to PCBs Involve electrical equipment workers.
Aside from occasional skin irritations that disappeared
quickly, no significant adverse health effects have been
reported among workers in the electrical industry.

will show up somewhere in a consumer price index,
the exact place being difficult to predict.

The Alternatives to PCBs
The alternative materials to PCBs are not without
problems. The most important use for PCBs was in
electrical equipment, where their flame-resistant
characteristics were badly needed. Alternatives to
PCBs include other chemicals, like silicone fluids and
fluorocarbons and mineral oil transformers.
All the substitutes work electrically. However, a
transformer constructed for use with PCB fluid often
can't operate at the same power load with a substi-
tute chemical. That transformer becomes less effi-
cient resulting in a higher operating cost. And that is
to say nothing of the safety problem. Many of the
alternatives present fire risks, defeating one of the
reasons why a fire-resistant alternative was origi-
nally sought to PCBs. The net effect, then, is the
replacement of a hypothetical health risk from PCBs
with a product certain to lead to an increased fire
hazard.

What Are we Doing to Clean up
PCBS?
Many efforts are being made to clean up PCBs in the
environment. This, along with the ban and removal
of PCBs, ensures that U.S. exposure will rapidly
decline. PCB wastes were often discarded in open
landfills. Cleaning up the landfills which once served
as depositories for PCB waste is an ongoing process

13



which will be expensive in the coming years.

One such landfill is located in Moreau, New York. As
reported in the July 14, 1983 Saratogian. General
Electric is paying out $2 million for corrective work at
the site. Engineers plan to insert a 100-foot-deep
impermeable barrier into the ground surrounding the
dump and then cover it with a SVz-foot-thick clay
cap.
Cleanup plans for the Hudson River, so heavily con-
taminated because of industrial discharges, are also
underway. From 1947 to 1977, over 500,000
pounds of PCBs were discharged, under permit, into
the Hudson River from two General Electric capacitor
manufacturing plants at Fort Edward and Hudson
Falls, New York.
Three million dollars have been spent by the New
York State Department of Environmental Conserva-
tion to investigate tht &«^-ntof PCB contdi.,..,ation
in the river. This study identified 40 hot spots in the
upper Hudson River; a "hot spot" is defined as sedi-
ment containing 50 ppm or more of PCBs. The PCB
concentrations range from five to 1,000 ppm in fine
grained sediments.

A proposed government strategy for dealing with the
upper Hudson River PCB problem called for dredging
contaminated sediment from the river bottom. A leak
proof landfill would be developed in rural Washington
County, where the material would be buried. Resi-
dents of the area, which has numerous dairy farms,
are opposed to playing host to the PCB-laden sedi-
ment. They have expressed concern that even if their
health is not compromised, the reputation of the
dairy industry might be damaged.

A look at the cleanup proposal makes one wonder
about the efficacy of such a plan." The Environmen-
tal Impact Statement indicates that this project,
requiring about $40 million, would clean up the river
by about 2001. On the other hand, if left alone, the
river will clean itself up by the year 2013, just 12
years later. At this time (October 1984) the plan has
not been implemented. Not all contaminated water
systems are self-cleaning. Each is a problem unto
itself.
In Massachusetts, studies are underway concerning
the need and methods for removing PCBs from the
New Bedford harbor which were discharged from
nearby capacitor manufacturing plants. Another
example of a "hot spot" is Lake Michigan's Wauke-
gan Harbor, where PCBs were discharged from an
aluminum diecasting plant.

Research is underway on new techniques for clean-
14

Thraa million dollars have been spant by the Naw York Stata
Department of Environmental Conservation to investigate
the extent of PCB contamination in the state's Hudson
River.
ing up PCBs. Two different researchers have come
up with promising chemical disposal methods2'2' and
a New Jersey Institute of Technology team has dis-
covered that an aquatic plant can use PCBs as a
nutrient.10

PCBs: A Perspective
It is only 20/20 hindsight that enables us to see that
past PCB disposal practices were wrong. These prac-
tices led to the widespread contamination of many of
this country's rivers and lakes.
Americans have over the past few years been pre-
sented with a contradictory array of information
about the possible health hazards of PCBs. Certainly
we have cause for concern when there is uncon-
trolled dumping of potentially toxic and possibly can-
cer causing agents into our rivers, streams and lakes.
Not only do we run the risk of an adverse effect on
human health should the levels become high enough,
but we also would be endangering fish and other
natural resources.

It is a source of concern when studies indicate that
members of the general population — that is, people
not working with PCBs —have PCB blood levels rang-
ing from 5 to 29 parts per billion. (Non-fish eaters
probably have about 5 to 10 ppb.) We still do not
know the effects of PCB exposure and therefore care
must be taken in the handling, disposal and general
management of these chemicals.
Although this class of chemicals is indeed persistent,
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no evidence exists that the normal background levels
or even levels among heavily exposed workers
(sometimes up to 3,800 ppb) are causing damage or
posing even a potential threat. PCBs are not new.
They have been part of the American industrial
environment for over 50 years.
Certainly we'd rather not have PCBs or any
unwanted contaminant in our bodies. But, though
the presence of a chemical warns us of a potential
problem, it does not prove a hazard. In the case of
PCBs. all studies to date have suggested that heroic,
exceedingly expensive corrective measures are
unwarranted and that time itself is an important
factor in resolving the situation.
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POPULATION STUDIES OF PCBs IK IGAN RESIDENTS

Harold E.B. Humphrey
Center for Environmental Health Sciences

Michigan Department of Public Health
Lanslng, Michigan

INTRODUCTION

Between 1929 and 1977, about 1.1 billion pounds of
polychlorlnated biphenyls (PCBs) were produced in this country.
Although U.S. production of the chemical has ceased, it is
estimated that 750 Billion pounds are still in service (Miller,
198?). The rest has been exported, destroyed, burled, or lost
to the environment. Acknowledgment that PCB la a worldwide
pollutant serves as proof that past ar. I potential future losses
to the environment are not Insignificant.

The Great Lakes present a unique situation for long lived
contaminants which can bioaccumulate in living' organisms. Our
lakes act as reservoirs for atmospheric and terrestrial
pollutants such as PCB. The relatively slow turnover and
removal of contaminants plus blomagnlflcatlon in the food chain
cake the aquatic environment of the Great Lakes a potential
source for significant human exposure.

PCB has been shown to be toxic ir animals, has a long half-
life in mammals, and is present in our environment. Host humans
are unavoidably exposed to small quantities of this chemical
during their lives. It Is not certain whether or not contact
with additional sources constitutes an increase in exposure
which will produce disease or degraded human health. It is of
scientific and public interest to define whether such exposure
In the Creat Lakes basin has the potential for Impact on the
population using this resource.

At the Michigan Department of Public Health, we are
conducting several cohort studies which examine the extent of

199
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human exposure to chemical contaminants. We are attempting to
define whether or not possible negative health effects have
occurred or may appear as a result of such exposure. In this
presentation, I will draw on data collected from our long-term
polybromlnated blphenyl (PBB) study of farmers from Michigan
and Iowa (Landrlgan et a_l., 1979), a long-term study of families
exposed to farm products contaminated by PCB's from silos, the
197t evaluation of Great Lakes fishermen (Humphrey, 1976), and
our on-going study of persons who consume Great Lakes fish.
Human specimens tested in these studies will demonstrate levels
of exposure, and evaluation of Interview and medical data
collected from participants will document the occurrence of
health events i,i these cohorts.

HUMAN EXPOSURE ASSESSMENT

Human breast milk has been reported to be a good predictor
of exposure to fat soluble chemicals (Brilliant et al.t 1978).
The data shown In Table 1 Indicate that PCBs are frequently
found in women nationally and always found in women residing

TABLE 1

PCB In Mothers Milk

PCB (Fat Basis)
Concentration (mg/kg)

Number
of Detectable

Study Women (percent) Median Range

1975 National 1,038 69
1977-78 Serv.

Testing 1,057 100 1.35 0.3 - 5-'
1976 Random

Survey 95 100 0.82 0.1 - 3.3
1980-81 HDET

Study 120 100 0.96" 0.2 - 3-°
197« Fish Eater

12.73 kg/yr 1 -- D.O
Silo Daughter 1 — 13.0
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in Michigan. Monitoring of the general population Indicates
that most people receive • background exposure to this
ubiquitous chemical contaminant. It Is of Interest to note
that persons exposed to additional known sources of PCB receive
significantly greater exposures. The consumption of contam-
inated fish from the Great Lakes or food from a far* with a PCB
coated silo appear to significantly increase contaminant levels
In breast milk.

The extent of PCB exposure can also be demonstrated by
evaluation of serum specimens from population groups. The lower
fat content of blood makes this a less sensitive specimen than
breast milk for detecting small exposures to fat soluble
chemicals. However, If exposure has been sufficient or long
standing as in the case of PCB, circulating levels provide a
convenient method for establishing exposure in cohorts. In
addition, detection of PCB in blood gives an Indication of the
level at which the Internal organs of the body are exposed to
the circulating contaminant. Table 2 shows the range and median
levels of PC0 found In sera from the four cohorts which we have
under evaluation. The data again demonstrate that PCB Is
commonly found In American citizens at low levels (Michigan and
Iowa farmers with median values of between 5 and 6 ug/kg), and
at significantly greater levels in persons who consume food
which has been shown to be contaminated with PCBs (fish eaters
and silo farm families with median values of 56 and 28 ug/kg,
respectively). It can be concluded that consumption of Great
Lakes fish represents a convenient and substantial way to
increase human exposure to PCB.

TABLE 2

PCB Levels Found in Humans

Number
of Range Median

Croup Sample People (ug/kg) (ug/kg)

'owa Farmers Sera 803 5-50 5
Michigan Farmers Sera 1,631 ND-57 6

i Silo Farmers Sera 1*9 5-300 28
* Fish Eaters Sera 90 25-366 56
? ———— ————————— — ————————————————————————————

"Mean
110 ' Detection limit of <5 ug/kg
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Contaminants from environmental sources would - less of

a problem If the chemical was quickly excreted fron the body and
did not accumulate In fat stores. However, for fat soluble
chemicals, this is not the case. Because of Its long half-
life, many snail exposures to PCB result In a gradual Increase
In body burden. The long-term study of over K.OOO Michigan
farmers who have had no extraordinary exposure to sources of
PCB has shown that serum PCB levels gradually rise with age
(Krelss et al., 1982). This indicates that unavoidable
background exposure results in small but significant increases
in human body burden over a lifetime. Additional sources of
exposure will add to this background body burden, and such
additions will also be retained for long periods of time.

EVALUATION OF PERSONS EATING GREAT LAKES FISH

In his talk earlier today, Dr. Swain indicated that cooked
Great Lakes fish provide a significantly greater potential dose
of PCB than that provided from water and atmospheric sources
combined. Table 3 presents these estimates and shows that
habitual fish consumption could provide a dose "1,300 times that
estimated from background environmental sources.

Our interest in evaluating the significance of thia source
of human exposure to PCB led to our 1974 study of 178 persons
who consume Great Lakes fish (Humphrey, 1976). This
investigation showed that persons from four communities who ate
greater than 10.91 kg of fish per year had serum PCB levels
which were significantly greater than people from the same
communities who rarely ate such fish (Table 1). The contrast
in serum PCB levels between groups who never eat fish, rarely

TABLE 3

Comparison of Non-Occupational Sources of PCB Exposure

Estimated Human
Exposure Exposure Source

7.8 ug/yr Ambient air at 1.9 ng/m3 air level PCS
2.9 ug/yr Drinking water at 1 ng/1 raw water PCB

K6.5 mg/yr Cooked Lake Michigan fish at 0.1 to
5.1 mg/kg PCB

as in Hichiga*. .,tJJ1.c

TAB

Median Serum PCB Values for Persons Fro
Michigan Communities In 1973

Median Serum PCB (ug/kg)

City
Comparison

(0-2.73 kg/yr)
Exposed

(>10.91 kg/yr)

Traverse City
Manistee
LudIngton
South Haven

13
23
15
22

41
105
62
48

TABLE 5

Relationship Between Fish Consumption by Geographical
Location and Human Serum PCB Levels

Source of Fish

__
Lake Michigan
Lake Michigan
Lake St. Clair

Consumption
(kg)

0
0-2.73

10.91-118
5-66.8

Number
of

People

29
39
90
15

Serum

Range

ND-41
ND-41
25-366
ND-38

PCB (ug/kg)

Mean

17.3
18.5
72.7
19.4

Median

15
20
56
17

10 = Detection Halt of <5 ug/kg

"«/yr of ~"ta.ln.t,d Lakeflah fro- Uk«st- «•!••
• «»rect relationship

and elev.fd seru. PcS
r, V>rled " « function <>'flsh eaten, type of fish eaten, and history of



c
fish consumption. Consumption for the "exposed" grot .nged
Proa 10.91 kg/yr (an average of about one fish meal per week)
to as much aa 118 kg/yr. Human blood levels correspondingly
ranged frcm the Halt of detection (<5 ug/kg) to a high of 366
ug/kg. When the exposed group was sorted according to the
length or time participants had actively been catching and
eating Great Lakes fish, it was found that those who habitually
ate fish over the longest period of tia* had greater serua PCB
levels than those who had eaten fish for shorter periods (Table
6).

The 1971 study confirmed that contaminated Great Lakes
fish are a source of exposure which contributes to elevated
huaan PCB levels which are significantly greater than back-
ground. In addition, the absence of a reduction in PCB levels
in the exposed group between fishing seasons when no fish were
consumed, and the correlation between the number of years of
fish consumption and PCB levels supports the contention that
PCB exposure from this source, if sustained, may result in a
continuing accumulation of PCB which is retained over time.

The evaluation of human exposure to Great Lakes fish is
continuing through a follow-up study currently in progress. In
addition to re-evaluation of the participants in the 1971 study,
the current work has expanded the cohort to include over 600
persons from 12 communities who eat 10.91 or more kg of Lake
Michigan fish per year. An equal number of persons who do not
consume fish are being randomly selected and matched for

TABLE 6

Relationship Between Serum PCB Levels and
Number of Years of Fish Consumption

Serum PCB (ug/kg)

Number of Years
Fish Eaten

1-3
1-6
7-17
> 20

Number
of

People

9
33
9

01

Range

ND-90
ND-161
15-261
12-366

Mean

18.9
56.1
79.8
87.1

Median

«8
»5
61
6*

comparison. This study when fir,- ..ed will provide data on human
levels of PCB and 10 other contaminants, 1980-82 fish consump-
tion patterns, regional differences in serum and cooked fish
contaminant levels, and comparison to findings from the earlier
study. Preliminary data from 1980 on part of the original 1971
cohort show that these people ate less fish in 1980 than they
did in 1974 (Table 7). The decline In number of meals and
pounds of fish eaten in combination with the general reduction
in contaminant levels in Lake Michigan fish reported earlier
in this conference appear to have contributed to a decline in
serum PCB levels (median of 56 ug/kg in 1971 versus median of
18 ug/kg In 1980). Although these results are encouraging, it
should be noted that the range of serum values remains similar
to that observed in 1971; many in Ivlduals continue to eat large
quantities of fish (up to 81 kg/y In I960), and the association
between consumption of fish an< significantly elevated serum
PCB levels remains unchanged. Further analysis of the species
of fish eaten is also necessary before the data In Table 7 can
be confirmed as a real trend or artifact. This evaluation Is
underway.

EVALUATION OF PCB SILO FARM FAMILIES

Tables 1 and 2 show that persons from farms with silos
coated on the Interior with a sealant containing PCB are a
second group who have received significant non-occupational
exposure to PCB. We have had the opportunity to Include some
of these farm families in our long-term study of PBB exposure.
Blood collected from 183 people (60 families) Indicated a PCB
concentration range nearly equal to that of the fish eater group

TAB1 : 7

Comparison of Fish Consumption and
Serum PCB Levels, 1971 Versus 1980

ND = Detection limit of <5 ug/kg

Persons Consuming
>'0.91 kg of Flsh/Yr

""•b*r of Meals/Yr
"lograms of Fish/Yr
S««-um PCB (Ug/kg)

Median Values for Study Year

197*

60
11.55
56

1980

39
9.55
18

a* I



and a median serum PCB value (28 ug/kg) which Is near. ve
lines that expected In the general population. Farm lamlly
exposure to PCB occurred when the sealant peeled off the silo
walls over the years and contaminated the silage eaten by the
farm animals. Those Families who regularly ate dairy products
and beef directly from their own farm unknowingly consumed PCB
contaminated rood. Because of the relatively small number of
faros involved, the domestic food supply for the general public
is not believed to have been adversely affected. For the farm
families, this situation represents a continuous dally exposure
of long duration which contrasts with exposure from fish which
is intermittent in nature. Contamination of farm food is
presumed to have occurred over many years, possibly greater
than twenty since some of the silos which were constructed in
the 1910s and 1950s were still in use in the mid-1970s when
these families were enrolled. A current survey by the Michigan
Department of Agriculture is expected to identify all of the
farms in Michigan which have silos contamined by PCBs.
Evaluation of persons exposed in this manner is of Interest
because it provides the opportunity to learn more about the
human impact of long-term exposure to PCBs.

HUMAN HEALTH IMPLICATIONS

The cohorts established in Michigan to study persons
exposed to halogenated blphenyls constitute the largest such
investigation in the country and provide an opportunity to
investigate the meaning and significance of such exposure.
Specimens from these cohorts have documented the extent of PCB
exposure from potential sources of concern. Interview and
medical record data which record actual human experiences have
been evaluated in an attempt to determine whether or not there
is a relationship between symptoms and diseases of toxicologies!
Importance and body burden. The difficulty in such an evalu-
ation lies in quantifying subtle or delayed physiological
changes in humans which would indicate the presence of a toxic
reaction or disease attributable to exposure as predicted from
animal experiments. Environmental exposures are seldom exten-
sive enough to produce easily observable toxic effects. Tet,
the long half-life of the halogenated biphenyls results in a
continuing internal exposure, the outcome of which has not been
fully defined in humans.

The reed leal histories of study participants were obtained
by interview and screened for acute, neurological, dermatologl-
cal, skeletal, and metabolic disorders or diseases characteris-
tic of those presumed to be caused by chlorinated blphenyl
exposure. Those exposed to Great Lakes fish did not in '97*
report health problems or medical conditions which could *•

correlated with serum PCB levels /ish consumption. The type
and frequency of various medical complaints were similar for
exposed and comparison persons. Evaluation of data collected
during the current investigation is Incomplete at this time.
Whether or not the lack of symptomatology Is due to Insufficient
exposure, insufficient time since initiation of exposure, or
the lack of sensitivity in detecting slowly emerging toxic
effects is undecided at this time. Follow-up studies will help
clarify this as time passes and diagnostic techniques Improve.
It should also be noted that this cohort study was not designed
to seek out former fishermen who may no longer be up to the
rigors of sport fishing because of medical problems or chronic
Illness. Instead, it was designed to assess exposure in those
currently practicing sport fishing on the Great Lakes.

The silo farm family cohort provides an opportunity to
evaluate the outcome of long-ti -m continuous PCB exposure.
Medical histories for farmers with PCB contaminated silos were
reviewed and compared to those of Iowa farmers and Michigan
farmers recently exposed to PBBs.

Comparison of reported symptoms (Table 8) showed that the
PCB exposed silo farmers had a greater frequency of Joint
problems and numbness. To a lesser extent, this was also found
among the PBB exposed farmers. These symptoms were found to
have weak but positive correlation with serum PCB levels when
adjusted for age. Such a correlation was not seen for PBB

Percent

TABLE 8

Persons Deporting Health

Percent of Percent

Symptom

Tiredness
H«adaches
Hashes
Skin Problems
Numbness

t. Joint Problems
tt Nausea

Silo
Farmers

14
10
7
4
19
20
5

Iowa
Farmers
— ̂— — .__

3
3

<1
1
5
6
3

Symptoms

of Percent of
PBB

Farmers
——————— — —— . —

17
10
4
4
10
13
11

"umber of People 183 1,636 2,150
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levels. Although the subjectivity of reported symptoms Makes
a Tim conclusion difficult, the correlation with PCB exposure
Is interesting because central nervous system and connective
tissue defects are possible outcomes of prolonged PCB exposure.

The occurrence of diseases which have been con rimed by
Bed leal records were also compared for the three cohorts and
are shown in Table 9. Among the diseases evaluated, the 3.3
percent frequency of cancer in the silo far* family cohort was
significantly greater than the occurrence of this disease in
the other two Tarn groups and was greater than the 0.3 percent
rate predicted by the national Surveillance, Epidemiology, and
End Results Program (SEER) cancer morbidity rates. The cancers
found In the silo g~oup were located in a variety of sites and
occurred nore frequently In females, 6.1 percent than Bales 1.8
percent. This observation is Interesting because PCB is con-
sidered to be a promoter (Nobuyukl, 1973), a carcinogen (Ki»-
brough, 1971, 1975, 1979), and Is regarded as a human carcino-
gen (IARC. 1976). The silo families have possibly received a
chronic repeated exposure from their diet on a regular basis
for over twenty years. It has been speculated that prolonged
exposure to a potential carcinogen with a long half-life could
produce continuous target organ exposure which would result in
tumor production. The occurrence of disease events in the silo
Tarn group also serves an Indication of health events which
could possibly occur in fish eaters in the future. However,
this data should be treated cautiously at this time. The PCB
silo cohort is too small to provide appropriate statistical

TABLE 9

Percent Persons Reporting Disease Conditions

Population Studies of in Michigan Residents 309

Symptom

Heart
Hepatitis
Diabetes
Thyroid
Tumor (benign)
Cancer

Percent of
Silo

Farmers

6
1
3
2
6
3-3

Percent of
Iowa

Farmers

1
1
1
1
3
0.8

Percent of
PBB

Farmers

i|
1
2
2
H
0.1

Number of People 183 1,636 2,150

evaluation of events which are occurring and needs to be
enlarged to properly evaluate the PCB/cancer hypothesis. The
findings to date do demonstrate a lead which should be pursued
with continued and expanded surveillance of persons exposed to
PCB in this manner.

In conclusion, our cohort studies have provided data which
demonstrates a clear relationship between environmental sources
of PCB and Increased human exposure. Consumption of contami-
nated fish or farm products results in elevated PCB levels in
humans. No acute disease has been Identified in exposed indi-
viduals, but the long-term outcome of this added body burden
remains to be determined. The data generated to date provide
viable leads which should be pursued. The cohorts which we
have established in Michigan provide an excellent opportunity
to continue evaluation of the significance of halogenated
blphenyl exposure in humans.
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INTRODUCTION

Behavioral assessment is becoming an Important tool Tor
evaluating the consequences cf intrauterlne exposure to
chemical agents routinely encountered in the environment (Feln
et al., I983b; Spyker, 1975). However, studies of the effects
of these agents on human Infants pose several special problems
for research design and for the assessment of behavioral
outcomes. The purpose of the present paper is two-fold:

(1) to summarize what la known about the pre- and post-
natal effects of an especially ubiquitous chemical
compound, polychlorlnated blphenyls (PCBs); and
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UNITS) STATES DISTRICT OOUFT
NORTHERN DISTRICT OF Tf.T.TNOIS

EASTERN DIVISION

UNITED STATES OF AMERICA, )

Plaintiff, )

vs. ) No. 78 C 1004

OUTBOARD MARINE CORPORATION, ) Judge Susan Getzendanner

Defendant, Third-Party )
Plaintiff, and )
Cross-Claim Defendant, )

and )

MONSANTO COMPANY, )

Defendant, Third-Party )
Defendant, and )
Cross-Claim Plaintiff. )

PLAINTIFF'S RESPONSE TO DEFENDANT MONSANTO COMPANY'S
FIRST AMENDMENT TO ITS SECOND SET REQUESTS
FOR ADMISSION TO PLAINTIFF UNITED STATES_________

In accordance with Rule 36 of the Federal Rules of Civil Procedure,

plaintiff United States of America response to defendant Monsanto Ccnpany

requests to admit as follows;

REQUEST TO ADMIT

1. Region V of the United States Environmental Protection Agency

("USEPA Region V) is heardquartered in Chicago, Illinois and covers the

States bordering on Lake Michigan.

RESPONSE; Plaintiff admits Request No. 1.
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2. At this time USEPA Region V knows of no person who has suffered any

imnological disorder caused by PCS exposure through the consumption of fish

or drinking water from Waukegan Harbor or Lake Michigan.

RESPONSE; Plaintiff admits Request No. 2.

3. At this time USEPA Region V knows of no person who has suffered any

cancer caused by PCB exposure through the consunption of fish or drinking

water from Waukegan Harbor or Lake Michigan.

RESPONSE; Plaintiff admits Request No. 3.

4. At this tine USEPA Region V knows of no hunan birth defects caused

by PCS in any infant born to any person who has consumed fish or drinking

water from Waukegan Harbor or Lake Michigan.

RESPONSE; Plaintiff admits Request No. 4.

5. At this time USEPA Region V knows of no person who has suffered any

sickness caused by PCB exposure through the consumption of fish or drinking

water water from Waukegan Harbor or Lake Michigan.

RESPONSE; Plaintiff admits Request No. 5.

6. At this time USEPA Region V knows of no person who has suffered any

chloracne, dermatitis or skin disorder caused by PCS exposure through the

consunption of fish or drinking water from Waukegan Harbor or Lake Michigan.

RESPONSE; Plaintiff admits Request No. 6.

7. At this time USEPA Region V knows of no person who has suffered any

neurological disorder caused by PCB exposure through the consumption of fish

or drinking water from Waukegan Harbor or Lake Michigan.

RESPONSE; Plaintiff admits Request No. 7.
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8. At this tine USEPA Region V knows of no person who has suffered any

fatigue cause by PCB exposure through the consumption of fish or drinking

water from Waukegan Harbor or Lake Michigan.

RESPONSE; Plaintiff admits Request NO. 8.

9. At this time USEPA Region V knows of no person who has suffered any

reduction or impairment in his vital lung capacity caused by PCB exposure

through the consunption of fish or drinking water from Waukegan Harbor or

Lake Michigan.

RESPONSE; Plaintiff admits Request No. 9.

10. At this time USEPA Region V knows of no person who has suffered any

hypertension caused by PCB exposure through the consumption of fish or

drinking water from Waukegan Harbor or Lake Michigan.

RESPONSE; Plaintiff admits Request No. 10.

11. At this time USEPA Region V knows of no instance of rrutagenicity in

any human being caused by PCB exposure through the consunption of fish or

drinking water from Waukegan Harbor or Lake Michigan.

RESPONSE; Plaintiff admits Request No. 11.

12. At this tine USEPA Region V knows of no instance of fetotoxicity in

any human being caused by PCB exposure through the consunption of fish or

drinking water from Waukegan Harbor or Lake Michigan.

RESPONSE; Plaintiff admits Request No 12.

13. At this time USEPA Region V knows of no instance of teratcgenicity in

any human being caused by PCB exposure through the consunption of fish or

drinking water fron Waukegan Harbor or Lake Michigan.

RESPONSE: Plaintiff admits Request No. 13.
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14. At this time USEPA Region V knows of no instance of abnormal blood

pressure in any person caused by FOB exposure through the consurption of fish

or drinking water from Waukegan Harbor or Lake Michigan.

RESPONSE; Plaintiff admits Request No. 14.

15. At this time USEPA Region V knows of no person who has suffered any

heart disease or blood disease caused by PCS exposure through the consumption

of fish or drinking water fron Waukegan Harbor or Lake Michigan.

RESPONSE; Plaintiff admits Request No. 15.

16. At this time USEPA Region V knows of no person who has suffered any

reduced or abnormal physical growth caused by PCS exposure through the

consumption of fish or drinking water from Haukegan Harbor or Lake Michigan.

RESPONSE; Plaintiff admits Request No. 16.

17. At this time USEPA Region V knows of no person who has suffered any

mental or behavioral disorder caused by PCS exposure through the consumption

of fish or drinking water from Waukegan Harbor or Lake Michigan.

RESPONSE; Plaintiff admits Request No. 17.

18. On March 15, 1982, Dr. C. Albert Kolbye, Jr. was employed by the

United States Food and Drug Administration as the Associate Director of

Sciences, Bureau of Foods, and in this position was generally familiar with

toxicological research regarding PGBs.

RESPONSE; Plaintiff admits Request No. 18.

19. On March 15, 1982, Dr. Kolbye, in his capacity at FDA, gave a

speech at the International Symposium on PCBs in the Great Lakes at Michigan

State University.

RESPONSE; Plaintiff admits Request No. 19.
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20. In his speech, Dr. Kolbye admitted that the results of Dr. Alien's

experiments on the effect of PCS exposure on infant rhesus monkeys are not

relevant to humans due to the type of PCB used in the experiments and the

inappropriate dosage of PCBs given to the maternal rhesus monkeys.

RESPONSE: Plaintiff admits Bequest No. 20 to the extent that, in his

speech, Dr. Kolbye stated that the results of Dr. Alien's experiments on the

effect of PCS exposure on infant rhesus monkeys are not fully relevant to

humans due to the type of PCB used in the experiments and the inappropriate

dosage of PCBS given to the maternal rhesus monkeys.

21. In his speech Dr. Kolbye admitted that the interpretation of the

results of Dr. Alien's experiments on the effect of PCB exposure on infant

rhesus monkeys is confused due to the type of PCS used in the experiments and

the inappropriate dosage of PCBs given to the maternal rhesus monkeys.

RESPONSE: Plaintiff admits Request No. 21 to the extent that it is

Dr. Kolbye's opinion that the interpretation of results of Dr. Alien's,

experiments on the effect of PCB exposure on infant rhesus monkeys is confused

due to the type of PCB used in the experiments and the inappropriate dosage of

PCBs given to the maternal rhesus monkeys.

22. In Dr. Kolbye's opinion, it is not clear which results of Dr. Alien's

experiments on the effect of PCB exposure on infant rhesus monkeys can be

attributed to PCB due to the type of PCB used in the experiments and the

inappropriate dosage of PCBs given to the maternal rhesus monkeys.

RESPONSE; Plaintiff admits Request No. 22.
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23. Monsanto's various reformulations of Pydraul in 1970-72, including

Pydraul A-200A, A-200B, and 50E, which were sold to Johnson Motors, were not

required by any statute, regualtion or order of USEPA or any other agency of

the United States.

RESPONSE: Plaintiff admits Request No. 23.

24. Monsanto's decision to take PCBs out of its Pydraul fluid was not

required by any statute, regulation or order of USEPA or any other agency of

the United States.

RESPONSE; Plaintiff admits Request No. 24.

25. Monsanto's decision in 1972 to restrict the sale of PCBs to

dielectric fluids was not required by any statute, regulation or order of

USEPA or any other agency of the United States.

RESPONSE: Plaintiff admits Request No. 25.

26. The timetable set forth on page 10724 of Exhibit A (attached

hereto) for the transition to phosphate ester Pydraul (including Pydraul

50E) was not required by any statute, regulation or order of USEPA or any

other agency of the United States.

RESPONSE; Plaintiff admits Request No. 26.

27. Karl Bremer, an enployee of Region V, USEPA, attended the Inter-

national Synposium on PCBs in the Great Lakes on Mach 15-17, 1982 in East

Lansing, Michigan in his capacity as an enployee of Region V, USEPA.

RESPONSE; Plaintiff admits Request No. 27.

28. In his capacity at Region V, USEPA, Bremer gave a speech at the

Syqposium.

RESKaGE; Plaintiff admits Request No. 28.
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29. In his speech Bremer admitted that in the early 1970s Monsanto

"voluntarily" restricted PCBs to dielectric fluids.

RESPONSE; Plaintiff admits RequestNo. 29 to the extent that, in his

speech Bremer stated that in the early 1970s Monsanto "voluntarily" restricted

PCBs to dielectric fluids.

30. At the Symposium Bremer further admitted that Monsanto's decision

to restrict the sale of PCBs led to an "industrial awareness" of PCBs.

RESPONSE; Plaintiff admits Request No. 30 to the extent that, at the

Symposium Bre.̂ ir further stated that Monsanto's decision to restrict the

sale of PCBs led to an "industrial awareness" of PCBs.

31. The air in and near Waukegan Harbor, the North Ditch, and the

property of Outboard Marine Corporation poses no significant human health

problem attributable to the PCBs there.

RESPONSE; Plaintiff admits Request No. 31.

32. The drinking water in Waukegan, Illinois poses no significant

human health problem attributable to PCBs in Waukegan Harbor, in the North

Ditch, or on the property of CMC.

RESPONSE; Plaintiff admits Request No. 32.

Respectfully submitted,

DAN K. WEBB
United States Attorney

United States Attorney
South Deaxborn Street

Chicago, Illinois 60604
(312) 353-8788

JPW:ejd
09/15/82
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ANALYSIS FOR rOLVCHLOftlNATED MPHENVU IN F1SII

BACKGROUND AND INTRODUCTION

19)

Coaccn over pouibte clbcU M bumoH health from csiing (ood« conuminiled
with polycMorinoled biphcayta (PCBi) dale* back to the early 1970s when tevcnl
instances of aoci«kMal food coaUminaboa wtft discovetcd. SubiequeiMly. a scnes
of Icfitlalive and rctylaloty decision* by Coacrtas and various ogcncie* of the U. S.
Govctmmenl (including the Enviioamcnlal rraicction Agency (EPA) and Food and
Drag Administration (FDA)X toaelher wilh vohinlary actions by manufacturcn and
usen of these chemicals have led Io a fmalrna of manyfadurc of FCBs and the
initiation of numerous studies W investigate the coals and benenu of actions designed
to reduce human eiposure to PCBs.

Fish (both recreational and commercial) PCB teveb have been of particular concern
became ingeslion of conlaminaled foods is thought to be a major pathway to human
eipusurc and PCB kveb in tsh are often greater than these levels in other foods.
The responie by various federal and slate agencies has been to implement a variety
of alternatives, including warnings to the public to limit (or eliminate for certain
elements of the population, e.g., pregnant and/or breast-feeding women) consumption
of PCB-conlaminaled nsh (e.g.. in Michigan and Massachusetts); advisories on how
to prepare nsh to minimite human ingeslion of PCBi; closure of selected commercial
•iid recreational nineties (e.g.. closure of the commercial striped bass fishery on the
I ludson River by New Yotk Stale officials or institution of "catch and release" policies
for trout on a stretch of the llousalonic River by Connecticut officials); and the
imposition of "tolerance kveb" for fish sold in interstate commerce by the FDA.1

The FDA action is of particular interest, for three reasons:

(i) there were signincanl economic and other impacts of this decision,
(ii) the decision was made on the basis of a quantitative risk analysis that purportedly

provided a "scientific" basis for standard setting, and lastly
(iii) because the KDA action has been cited as justification for numerous policies

and regulations at the state level.

FUA comported • preliminary assessment and imposed a temporary tolerance level
of } ppm in the edible portion of fish. Fish above this limit could not enter interstate
commerce. (Although regulation of sport fisheries is not within the authority of the
FUA. as noted above, stales have tended to issue similar direci.vei. so that the FDA
action has had much wider impact than is derived from their statutory authority.)
By 1979. FDA had proposed to reduce this tolerance levd to 2 ppm. As of this
writing, no final decision has been made on the proposed 2 ppm final rule. ,

OVERVIEW OF THE FDA RISK ESTIMATION PROCESS
USLD 10 JUSTIFY THE 2 ppm STANDARD

The evidence used to justify the 2 ppm tolerance or action level was based in part
upon an FUA quantitative risk analysis' that ealrapolaled the effect! of high PCB
duscs administered to labor Jlory animals to the low dose rales assucialed wilh human
consumption of contaminated fish Given the correspondence between estimated
hejllh risk and cunlrni uf It Us in the diet of Americans. H)A was aMe to set a

/nr/foi ITIIs in l»h line entailed (at least implicitly) an "acceptable" risk.
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LLVLL Ol: l<CUi IN COMMERCIAL KISII (UOX A. FIG. I)

As the first step in assessing I he risk of PCBs in fish, information on PCB contam-
ination u needed. An IDA survey in 1 971- 1 979 identified 1 2 fish species with elevated
level) of PCOs. as given in Table I . Also shown we the estimated reduction in average
PCB levels associated with the imposition of various tolerance levels. To calculale
ihu effect. KDA simply dcleled those fish having PCB levers in eicess of Ihe assumed
tolerance kvcl fiom Ihe sample. At noted by Cordk «t al .'

TV MM rd tttt ouitMiei •**• • a»m MfcraM* It m cfct • •rtkaat *c mt»
imflal ttt riit r»tmn«m Trr rTm nf I littrnnm Ti "It finnt "inn nf TT IT r*i j-f-\ti n
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feu ••MM* M 1C* Imfc M kik -, r. u* I»7I M* 1*1* FDA wrwv *u. Miming «f Til
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Thus, lor example, the 14 carp in Ihe sample (tee Table I in Ihe No Specified
Tolerance column) had a mean PCB level of I.I ppm. Two of these carp eicecded
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J ppm. and when removed from Ihe sample, the remaining (52 in this case) carp
now had an average PCB level of 0.90 ppm. The diafcrence wm» the assumed effect
of instituting a 5 ppm tolerance level.

The amount of fish (of each specie*) consumed was cHimated in a National Marine
Fisheries Service-NOAA survey conducted in 197}. This study sampled 25.947 people
who consumed fish. (About 93* of the U. S. population is estimated to include fish
in their did.) Of this total. J939 (15.2*) individuals in the sample consumed al lead
I of the 12 species given in Table I. Table 2 describes Ihe daily intake of PCS* in
those people who ale Ihe 12 species offish at Ihe 50th and 90Ui pcraniiks as calculated
by FDA. In particular, it was estimated thai a "50th percentile eater" would be
eiposcd lo PCBs at a rate of 00051 ppm of total diet, if a tolerance level of 5 ppm
were instituted. This it 1.9* lower than me figure (0005* ppm PCB in total diet) if
no tolerance level were in elect (i.e.. if Ihe threshold were infinite).

COMMENTS ON THIS PROCEDURE; THE EFFECTIVENESS
OF CONTROLS

The eilracl from Ike FDA analysis quoted above asserts thai the effect of instituting
a 5 ppm tolerance "would be greater than thai show* here." This statement u tech-
nically true4 but needs lo be interpreted very carefully, ll dot* not imply thai the
effects of imposition of any lower tolerance will be similarly understated. In fact,
quite the reverse b true.

The truncation rule used to simulate the effects ofimpoaitior of a particular tolerance
level is, in fact, tore stringent than that used by FDA lo ent «ce the current 5 ppm
tolerance level in particular, when an inspector tests comm rcial fish for PCBs. an
"undirected" sample of several fish from Ihe shipping lot is acquired. These fish are
eviscerated, and heads, tails, fins, scales, inedible bones, and skin removed (if inedible)
and then homogenized.' After eilraclion and cleanup, a portion of this composite
is then tested for PCBs using a gas chromalognph. Using this procedure, il is dear
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reduce PDA's assessment of cancer risk (discussed later in the section tilled Calculation
of Risk) by a corresponding amount.

ANIMAL DATA ON THE CARCINOGENICITY
OF ITDs (BOX C. FIG. I)

To date there have been several studies lo assess the carcinogenicily of PCBt in
animals. Those eiplnilly considered by R)A for long-term risk assessment in
humani wire:

• a National Cancer Institute14 bioassay of Aroclor 1254 using male and female
f ixlK-r 344 rats,

• a uudy by Kinibrough rt al" on the induction of liver tumors oo Sherman
slrjm female rait by Aroclor I ?6O.

• an 11 month tludy by KiiulHuugh and I iiulcr" on Ihe Ionic e(feels of Aroilof
I.'M in nulc HA I IIA J mice.

<•
J

iJt

,1 i
i

o d 2 = 2 s l «
o e o o o — }

r- w •> o Q 8

I

1!



204 MAXIM AND IIARNINGTON

I know of mo KKMlfct JIlUlfccMNM fl* M MUl|W of *C l|rpC |MCTC«H< far Ike MCI tMttMr

J»u circTuMr fc» ike ifoup»i( at Munab bun«( "M|t •ihtmncy." I k»«t cmwlHd wok
|Mikul.i(nu UK) tuiiiuciMi M ike NdMMul T*im>tu|y rratram (Nlr| urf feme* ikM ifccy
ion du «H cwmdn ikt lyre of tMlrlii pcrionned by OFS itvrotviMc. hi hit. HKf mlr< IkM
lur* a pt*ittr i/rtmturxtlf frfhni «mU ttm" ramwwnw rfmi M •«•« run. •>•«•>
bm«uic. Hmln cvrrciil fmilocab. mvit ctMtoal iBiiniil 4c»du^ mmf ly|ic of Iwnor by Ifcc cflj
of Ihcu kfciina.

Tkt KIT. Uw iMcnuMMUl Afmc, (n KnaKk a> CMotf. MA • IH M I k«o«. CAO MM)
UK mkn uf rnuciik riufTMHi cMMlwt tmtftn of IWPIK <Uu br H«.ikc IHC MK) m. NIMK
of ibnc OffMiuuoM ku c«rt micil MiMt mttomi i> UK my ik*|r lu« btc* Matte) bj
OPS 7Vr» u w t«
tun Jbr «Mfr>u tors
l>tm M MtKHlMt iMIlfcfUMMi fof Ikt !>!• •TlodrM it fHtnfXid tt«

>>
The Alkn study employed a very small sample size and needs to be replicated

with a larger number of animals before useful conclusions can be drawn. Additionally,
it is thought that rhesus monkeys may be unusually sensitive lo PCDs. While sensitive
species are an appropriate object of scientific inquiry, it is necessary lo caamine several

t—not just ihox most sensitive—to develop a balanced appraisal of cflecls.

LOW DOSE EXTRAPOLATION MODELS

The low dost levels of PCBs predicted by FDA in human diets (0.00)6 ppm of
total diet IU MMh perccnlik eaten) implied • similar low risk of cancer in individuals:
a mk so tew as to have link impact on the total number of deaths due lo cancer."
Nevertheless, because mere is such a large population exposed lo PCBs (I).2%) of
the total U. S. population (or roughly 37 million people) ihc cumulative effect of
PCBi is a potential health concern. To avoid (or minimize) extrapolation errors,
animal experiments should be performed using dose kvels al or near or al the actual
human exposure kvel lo PCBs in the environment. However, this would require
cMrrmely large sample sizes, lens of thousands of animals, lo observe even one PCB-
auociated cancer (assuming the rales calculated by FDA). Thus, as a practical mailer,
animal experiment! are conducted al high dost levels (where response rates are expected
lo be high) and the results arc extrapolated lo lower doses. This technique relies
heavily on the extrapolation methodology. Depending upon the model used, il is
pouibk lo obtain estimates of risk'al low doses that can vary by several orders of
magnitude. Since many of Ihc models will fit the high dote data equally well, it is
not easy lo select, on an empirical basis, the most appropriate of these models. This
point has been made by numerous researchers.
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Faced with this dilemma, many rctcarchen have sought mclhodoloiie* «ha» simply
try lo place an upper bound on we actual risk. FDA has eipttcilly acknowledged this
choice noting'4: "Of the available methods thai appear lo be consistent with what i*
known about the biological mechanism of carcinogenesis, the linear method if the
/«uf likely 10 lutdtreuimalt riik" (emphasis added).

ALTERNATIVE MODELS OF RISK (BOX D. FIG. I)

This tecliot preienU several alternative dose-response modch and oflen some
general comments on their properties.

One collection of approaches involves a "safe dose" concept. The safe dote concept
appears lo have been first codified in what is now know* as the Mantel-Bry an
procedure." It is based upon the normal cumulative distribution function *X'). but
modified so as lo generally overstate risk. In particular, the function e> is defined as

«x«o- (0

The function «X</) is tero for 6* - -oo and increases lo 1.0 as </ goes lo -too. and
the risk of a dose d > 0 (i.e.. the probability of cancer) is modeled by the equation

/V) • «X« * * loftW)). (2)
The parameters a and 6 > 0 are empirical constants determined by use of statistical
filling procedures. Note that when the dose is zero. logfO) - -<x> and so /V>) - 0.
If the dose. J. is infinity then so is togW). and JV) is 10. For doses between these
two values, the value will be greater than 0 but less than 1.0.

The Mantcl-Bryan procedure, in addition U using model (I), the so-called probil
model, assumes that the value of »in Eq. (2) is equal to 1.0. The authors claimed
this choice was conservative since b is usually greater than I 0 when estimated from
ihc data. To provide an additional margin of safety, the procedure also required the
use of the 99* upper confidence bound lo the estimate of a Together, these two
requirements were thought to be sufficient to upper bound the true bui un-
known risk.

Although initially perceived as a conservative procedure, the Mantel-Bryan meth-
odology actually estimated lower risks than most other models that have been proposed
subsequently This is because the probil function (I) approaches KIO very quickly
as the dose goes lo tero. An alternative model, and one utilized by KUA. is the so-
called one hit model II assumes thai risk can be modeled as
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• Quantity Eslimautl Models will usually estimate the expected value of the low
dov: mk. As an e»lra margin of safely, some procedures entail estimation of the 99%
uiiper confidence bound to this nvk Whik the differences between these two approaches
become small for lai|C sample sires, it is appreciable for the sample sites in the
animal experiments reported here.

• Dotr ,(uu/o/wi.»n IT)A examined both 5thh and 90th percenlile eaten of con
laminated hsh.

• Sficrirs la Human HMrapulalion PCB* may aflect an animal species differently
from humans. Without specific daia. however, researcher* arc forced to assume that
inks are identical when exposed to "similar amounts" of PCBs. But. what measure
of similarity to use is subject to debate. PDA equaled exposure levels for rats and
humans on a parts per million Uaiis of total diet Alternative measures include mil
lifiams rCU per kilogram body wci(hl per day and milligrams PCD per surface area
(•nghicd to the two-thirds power) per day. The pans per million measure will, of
i aunt, predict the same risk for animals eating the same diet even if one consume*
twice as much food (and. therefore, twice as much PCBs) as another. This is not true
of the weight of PCU per kilogram body weight per day measure."

• RrtfMHtfr Vorutbit Animal studies have identified the liver and hemalopoietic
system as the principal sites for PCB carcinogenic activity. Each can be analyzed
separately, or together. However, when combining categories, care should be taken
10 mt ludc only those thai are clearly dose related. In particular, use of "total malig-
nancies" appears inappropriate in view of the results shown in Fig. J. and for this
icason it omitted in what follows.

• Sltuly Spffiei To dale. PCH carcinogenic studies have used ran. mice, monkey*.
dogs, and other*. The choice should make no difference if the correct species to
humin conversion factor is known. Absent Inis information, studies using animals
ihjl are either highly sensitive lu be gained or highly insensitive to PCDs should be
viewed wilh caution.

As indicated in Fig 4. there are over 60.000 way* to combine these necessary
elements of a methodology to give an estimate of risk. The neil section selects some
iraionabk alternatives from this taxonomy to compute possible alternatives to the
estimates obtained by the I DA methodology. Comparisons among these enable a
better undemanding of how these choices might alter the assessment of risk at
low doses *

CALCULATION OF RISK (BOX H. FIG I)

Table 7 reproduces fTM estimates of Ihe upper 99% confidence limits on lifetime
mk of cancer using ihc data given in Table $ for various assumed tolerance levels
for XHh and 90lh percenlile caters. The inclusion ofVOlh peiccnlik eaters reflected
a concern that, even if Ihe hcalih risks of consuming contaminated fish were small
for II* majority of consumer*. H was nouihle that a subgroup of Ihe population could
face sif mltt-anl risks To pl.ice tlicsc figures in perspective, however, note thai as only
15 2% of llie population consumed these fish Sjiccies to Urgin wilh. only about 1.51
of the population wire opovrd to Ihe kvcls of SOlh pcrccnlik eaters.

Ik-focc ffcrvniiiig alternative estimates of nv* n is worlliwlnlc to note thai Ihe
rMimjl.,1 ilillotntet in health mk\ anting fiuin llic impmilion of various tolerance
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kvels are not Urge, particularly considering Ihc Urge uncertainties underlying these
estimates. The author* of Ihe PDA risk analysis observed this, yet concluded inex-
plicably."

I* litlN «f UK mmiiiMiiti upon «rkidi *ar nit imimtlit luvc kc» mutt, prrlupi u •
cm»|i«iim mmwMi roMM »c mutt hrllxouMnlmiiM of calici«1 pp» or » I pi
At wcpnwil »«i»ioml|. ike iMmn ta rak b»l-«« Mw mo lt«rti dniimi wily ilifMly ex*

i «l imcitil.

If indeed Ihe difference* in estimated risks between the 1 and I ppm standard an
small in comparison to the uncertainly in analysis, then w loo are the differences
between Ihc J and 2 ppm cases (see Tabk 7). Moreover, if these difference* are so
small as to render Ihe alternative tolerance level* virtually indistinguishable, il is
dihVull to understand ihc basis for a choice of any mil the largest, since imposition
of these lower tolerance levels is not without other social and economic cuslv

Tabk t presents alternative estimates of risk using seven other tow dose extrapolation
models for JOth penrentik eaters and assuming no tolerance kvel is in effect. 1 he
first line is the original FI)A estimate of risk. The second line uses the FDA one-hit
mouVI but deletes Ihe 99% upper confidence bound requirement on Ihe A parameter.
This results in an estimate of risk that is smalkr by a factor of 2.1 on average. The
Mamel-Bryan procedure, for exampk, estimate* a risk smalkr by a factor of about
I, on average. If Ihc two cases previously identified as questionable, total malignancies
and monkey icproduciion. arc excluded (as is done in Tabk I), alt the m.Wr/i r \ammnl
rflimaif a tulnlaniuilly \nuillft rnk limn lluil obtained by I DA Among all models
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by a factor of 1.42 and by a factor of 7.9 for mice. For linear modeb. Ihis would
reduce the estimated risk by t »milar amount. The nonlinear modeb generally have
even larger reductions. Table 11 summariiet these results. When computed on a
weight basis, the median risk (0 007J - (0.009 + 0 006)/2) is reduced by a factor of
11 compared to Ihc median risk from these same models (O.OII) computed on a
pans per million in diet basis. The median risk of the PDA model recomputed on
this basis (0)3) it smaller by a factor of 3 than lhal computed on a part* per million
in diet basis.
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ANALYSIS FOR rOLVOILOKINATEO MriltNVLS IN HSH 2IS

SUMMARY AND PERSPECTIVE

Table 12 provides a convcnicnl summary of Ibis analysis. Specincitlly. il provide*
a brief statement of Ihe various PDA assumption* and the possible decree of over-
statement compared lo mdboJolo(ical alternatives. For tome assumptions, suck at
Ihe use of u( cr confidence bounds in preference lo best estimates. Ihc PDA procedure
dearly ovei »lts the expected risk. For other assumptions, such a* Ihe choice of
dose-respor. t model, similar conservatism cannot be proven in a rigorous sense, save
lo note lhal ihc alternative modeb are often equally plausible, a priori, and generally
lead to substantially lower risk estimates.

Taken together, the consequences of these assumptions combine in a muhipliaUve
rather than additive manner A* shown here. Ihe degree ofovcrslaiemenl of the risk*
associated with consumption of PCB-conlaminaled ksh could easily be several order*
of magnitude; hardly a fcrm analytical foundation for standard setting.

To tome, such overstatement it a regrettable if necessary consequence of Ihe need
lo make important policy derision* in the bee of uncertainty. Resulting environmental
standards a-< perforce based on both "objective toence" and "value judgments."
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ATTACHMENT D

Potential Environmental Harm

The issue of whether the environment in and around Waukegan

Harbor has been or may be harmed by the PCBs at the Waukegan

Harbor site has been investigated through studies, sampling,

and discussions with a variety of experts and government

officials. Considerable information has been developed that

indicates no environmental harm has occurred that will not be

addressed by the resource restoration and remedial action

required by the Consent Decree. In particular, the action will

remove Harbor sediments that have been significantly

contaminated by PCBs, ensuring that no net movement of PCBs

into the water column or into Lake Michigan will occur.

This attachment summarizes additional information that in-

dicates that the remedy is adequately protective of the

environment, in part because little if any evidence exists that

the PCBs in Waukegan Harbor have caused any significant harm in

the past to fish in either the Harbor or Lake Michigan. The

State of Illinois and the U.S. Fish and Wildlife Service have

agreed that the remedial action is adequate to protect the re-

sources under their respective jurisdictions from future harm,

and they have provided a covenant not to sue evidencing their

determination.

I• Waukegan Harbor Is Not A Significant Fish Habitat.

Relatively few fish have been caught within Waukegan

Harbor. See Bruce Muench (Illinois Department of Conservation)

Dep. at 62-63. Dr. Hess of the Illinois Department of



Conservation (IDOC), testified regarding the difficulty of

catching fish in the Harbor. Sj?.e_ Hess Dep. at 15-23. In six

attempts utilizing gill nets, the IDOC failed to catch any fish

in the Harbor immediately north of Slip No. 1. On the seventh

attempt, utilizing an electric shock technique, the IDOC caught

ten alewives, three carp, three perch and two suckers near the

Yacht Club and in Slip No. 3. Id.

U.S. EPA conducted sampling studies to determine the

contamination of fish caught inside the Harbor.

o "Over a period of yeaio, efforts were undertaken to capture
fish in Waukegan Harbor in hopes of assessing the effects of
the Harbor on fish PCB contamination. In 1978 (U.S.EPA, 1978),
the EPA could only produce samples in two areas of the harbor,
at the municipal park shoreline and in Slip #3 . . . ." Risk
Assessment at 31.

o "Again in 1979 (U.S.EPA, 1979), only two areas could be
found where fish could be obtained, again the municipal park
shoreline and Slip #3, and again no sport fish of interest were
included in the fish caught." Risk Assessment at 31.

o "On September 26, 1980 (U.S.EPA, 1980), eight fish were
caught in Waukegan Harbor, a rainbow trout, carp, large mouth
bass, and 5 yellow perch." Risk Assessment at 31.

o "[T]he only 'sport' fish PCB data from the harbor were one
rainbow trout captured in 1980, and eight yellow perch captured
in 1980 and 1981. The PCB level for the trout was 2.0 ppm, and
for the perch, 34.0 ppm in 1980, and 1.41 ppm in 1981. It is
possible that the sport fish of interest here seldom, if ever,
enter Waukegan Harbor." Risk Assessment at 31.

The number of fish found in Waukegan Harbor is limited by

the fact that Waukegan Harbor is a poor habitat for most

species of fish. It is considered a poor habitat for a variety

of reasons, including substantial boat traffic, deep water, a

muddy lake bed, and a lack of aquatic plant life. Dr. Donald

-2-



McDonald, a Ph.D. in Limnology, testified that habitat

conditions rather than PCBs limit the fishery resources in

Waukegan Harbor. McDonald Dep. at 116. He gave the following

testimony regarding the reasons the Harbor is considered a poor

habitat:

o "[Waukegan Harbor] is a poor habitat . . . for three major
reasons. Number one, its been diked with sheet piling, which
reduces, greatly reduces the shallow water areas. Number two,
it has a mud bottom, which is not a useful spawning nursery or
feeding organism - or area for most fish. Number three, boat
traffic in the lower end of the Harbor tends to reduce some
movement of fish, restrict movement of fish in that area."
McDonald Dep. at 90-91, 30-31.

o "There is a good deal of boat traffic in the channel in and
out of Waukegan Harbor which tends to discourage a lot of fish
moving into these areas." McDonald Dep. at 30.

o "Most harbor dwelling fish, as far as for feeding areas,
resting areas, spawning areas, need areas of shallow water.
Many of these need areas where there is a good deal of rooted
aquatic plants. This type of habitat is not present in
Waukegan Harbor." McDonald Dep. at 32, 92-93.

o The soft mud bottom does not support the types of organisms
upon which many of these fish feed. While a few fish, such as
carp, will feed in these areas, even carp are found most often
in shallow muddy areas. McDonald Dep. at 33.

o A muddy bottom is not a useful spawning area because "most
species of fish need to spawn over a relatively hard surface.
Those that have eggs that settle to the bottom, they tend to be
covered in muddy areas and this greatly reduces hatch suc-
cess." McDonald Dep. at 93.

Thus, the potential risk of significant environmental harm

within the Harbor from the PCBs present there has been and will

continue to be very low.
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II. PCBs In Waukeaan Harbor Are Not Impacting Fish In Lake
Michigan.

Mr. Muench testified that the fish in the Illinois waters

of Lake Michigan were healthy and abundant. This testimony was

supported by that -jf Dr. Hess. Mr. Muench gave the following

testimony regarding yellow perch, bloater chubs and lake trout:

"Q: From the size and weight of the yellow perch that you
sampled, was there anything in those results that led you to
believe that the yellow perch are not perfectly healthy?

A: No." Muench Dep. at 75.

"Q: [Based on 1979 data], [i]n terms of the weight and
size of the bloater chubs that you sampled, did you find any-
thing in the weight and size of the fish that would lead you to
believe they are not perfectly healthy fish?

A: No."

"Q: [D]id you find anything in the numbers [of bloater
chubs] that would lead you to believe they are not healthy fish?

A: No." Muench Dep. at 78-79.

"Q: Was there anything from the size and the weight of the
lake trout that you sampled in 1980 that would lead you to be-
lieve that the lake trout in the Illinois waters of Lake
Michigan are not perfectly healthy?

A: No." Muench Dep. at 88. See also Hess Dep. at 73.

Dr. Hess gave the following testimony:

"Q: Are the lake trout in the Illinois waters of Lake
Michigan growing in number? Are they abundant?

A: From the trends in relative abundance that we have
been monitoring since 1975, we have strong indications that the
number of lake trout in the Illinois waters of Lake Michigan
have been increasing since that time." Hess Dep. at 73.

-4-



A. PCS Levels In Fish Are Declining.

Mr. Muench and Dr. Hess testified that PCS levels in fish

found in the Illinois waters of Lake Michigan are declining.

Mr. Muench testified that:

"There is an indication of decline in levels [since
1976], especially in certain species of fish in Lake
Michigan." Muench Dep. at 65. See also Hess Dep. at 82.

Mr. Muench also gave the following testimony:

o "[There is] enough data to establish a trend in lake trout,
yellow perch and bloater chubs." Muench Dep. at 81.

o "The PCB levels in fish samples, namely salmon and lake
trout, throughout Lake Michigan are not significantly different
from levels in fish found near Waukegan Harbor." Muench Dep.
at 91-92. See also Hess Dep. at 84.

"PCB levels for a period of time, 1971 to 1980, for lake
trout, salmon, rainbow trout, lake whitefish and
alewife . . . . [are generally] declining levels." Muench Dep.
at 107.

See also Muench Dep. at 80-82 (1979 data indicate declining PCB

levels in lake trout); Id. at 87 and 97 (1980 data indicate

declining PCB levels in lake trout); Id. at 68-69 (1979 data

indicate declining PCB levels in yellow perch); McDonald Dep.

at 59 (concentrations in fish have significantly declined).

More recently, the United States admitted that such a de-

cline had occurred and was continuing to occur.

o "There have been statistically significant declines in
total PCB levels in certain fish species ... in southeastern
Michigan . . . ." U.S. Response to Request to Admit, U.S. v.
QM£, Civ. No. 78 C 1004 (N.D. 111.) September 15, 1982,
Response No. 3 quoting Wayne Wilford, U.S. Fish and Wildlife
Service.

o The data show that . . . [t]he levels of total PCB residues
in fish throughout the Lake also appear to be
declining . . . ." Id. at Response No. 6.
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Figure 3-2 of the Risk Assessment indicates that the trend

of declining PCB levels in lake trout is continuing. The

modeling of 1984 and 1985 fish sampling data indicates that

this decline in PCB levels in fish will continue due to natural

processes even if no remediation were to take place at the

Waukegan Harbor site.

B. PCB Levels Are Below Food And Drug Administration
(PDA) Tolerance Level.

The PCB levels in all of the Lake Michigan fish sampled

during 1979 and 1980 were below the then applicable FDA

tolerance level of 5 ppm and most were below the current FDA

tolerance level of 2 ppm. The following chart summarizes the

Deposition testimony and Exhibits of Mr. Muench and Dr. Hess

regarding PCB levels in fish outside the Harbor.

Fish Sample PCB Level!7
(ppm)

Lake Trout .29 Muench Dep. E x h i b i t 2
1.06
.26

Brown Trout .36 Muench Dep. E x h i b i t 1
1.34
.33

Rainbow Trout .40 Muench Dep. E x h i b i t 1

Bloater Chubs 1.834 Muench Dep. at 43, Ex. 4

Note that when these depositions were taken, In 1981,
the FDA tolerance level was 5 ppm. Testimony stating
that levels were less than the FDA tolerance has been
indicated as <5 ppm.
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(Smoked)

White Sucker

Alewlves

Coho Salmon

Chinook Salmon

Yellow Perch

.33

.54

.27

.49

.30
1 . 1 1
.28

< 5.0

1.038

1.616

1.40
.94

1.63
.31
15

.63
2.33
.58
.30

1.0-5.0

< 2.0
< 5.0

Muench Dep. Exhibit 5

Muench Dep. at 77, Ex. 8
Muench Dep. E x h i b i t 2

Hess Dep. at 72

Muench Dep. at 40

Muench Dep. at 40

Muench Dep. at 53

Muench Dep. at 136
Muench Dep. Exhib i t i

Muench Dep. E x h i b i t 1

Hess Dep at 68

Muench Dep at 69, Ex. 7
Hess Dep. at 69

Table 3-1 of the Risk Assessment sets forth the raw data

obtained from the Illinois Department of Conservation regarding

PCB levels in fish in the Illinois waters of Lake Michigan.

All of the samples but one were below the 2 ppm level and all

of the samples taken from the Illinois waters of Lake Michigan
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in the vicinity of Waukegan Harbor were well below 2 ppm. The

1984 and 1985 fish samples showed the following PCB levels in

trout and salmon in the Illinois waters of Lake Michigan:

Lake Trout .54 ppm

Brown Trout .66 ppm

Rainbow Trout .26 ppm

Chinook Salmon .87 ppm

Coho Salmon .39 ppm

Table 3-17 of the Risk Assessment compares these PCB levels to

the levels in fish caught in other states.

III. The Harbor Will Become A Sink For PCBs.

The Harbor ultimately will become a sink for PCBs rather

than a source, thereby precluding any potential impact of the

contaminated sediments on the biological resources of Lake

Michigan. In 1981, Mr. Muench stated that "concentration

levels in lake trout indicate there is not a net transportation

of PCBs out of the Harbor." Muench Dep. at 101. See also

McDonald Dep. at 108.

Modeling conducted in the Risk Assessment estimated the

export of PCBs from the Harbor to the Lake under current condi-

tions and compared the relative effects of the in-place

containment remedy (IPC) and the 1984 ROD remedy on such

export. See Risk Assessment, Chapter 5. Figures 5-11 and 5-12

of the Risk Assessment illustrate the estimated PCB levels that

would be found in the Lake and the Harbor after the

-8-



implementation of the IPC or the ROD remedy. These Figures

indicate that after remediation the PCB concentrations will be

higher in the Lake than in the Harbor.

The Risk Assessment also estimated PCB concentrations in

fish after the remedial action. Risk Assessment at 122. The

projected concentrations in fish are based on exposure levels,

exposure time, and the bioconcentration factor. Table 5-6 of

the Risk Assessment presents the projections of PCB levels in

fish caught in the vicinity of the Waukegan Harbor site and

presumed to be residing in the near shore/offshore area for 20

percent of their lives.

Dr. McDonald also testified that he saw "no trend or sig-

nificant difference between [PCB] levels of fish that are taken

near shore but outside the Harbor as compared to those fish

that were collected in the open Lake." McDonald Dep. at 77.

See also Muench Dep. at 109. (Based on April 1981 data, the

fish immediately outside the Harbor appear to be relatively

safe.)

In conclusion, the PCBs in Waukegan Harbor do not have a

significant adverse environmental impact. The evidence indi-

cates that Waukegan Harbor is not a conducive habitat for fish

and that the fish found in Lake Michigan are health and abun-

dant .

6950f
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ATTACHMENT F

STATE OP ILLINOIS )

COUNTY OP L A K E )

AFFIDAVIT

James Chapman, being first duly sworn on oath, deposes

and states as follows:

1. I am the president and chief operating officer of

the plaintiff Outboard Marine Corporation, and as such

I have knowledge of the following.

2. OMC is a Delaware corporation with its principal

place of business in Waukegan, Lake County, Illinois. OMC

is in the business of manufacturing and marketing outboard

motors and lawn mowers as well as industrial and turf-care

vehicles.

3. OMC owns and operates an industrial complex on its

property near Waukegan Harbor. The complex contains several

manufacturing facilities producing engine blocks and related

parts that are distributed to OMC's other manufacturing and

assembly plants in the United States and abroad. The component

parts manufactured in Waukegan are essential to the continued

operation of OMC's other plants.

4. In addition to its manufacturing facilities, OMC's

property near Waukegan Harbor contains its corporate world

headquarters, worldwide data processing center and worldwide

design and engineering facilities. OMC employs over 2,000

workers at its Waukegan Harbor facilities.

5. OMC has operated plants in the Waukegan Harbor

area since 1936.



6. Waukegan Harbor is a navigable body of water

which services several industries and recreational docking

facilities. Slip No. 3 is part of Waukegan Harbor located

at its extreme northwest end.

7. OMC does not own Waukegan Harbor.

8. The map attached to CMC's Motion for Preliminary

Injunction as Exhibit E is an accurate representation of the

geography of the Waukegan Harbor area, and of CMC's facilities

in that area.

9. On information and belief, during the past nine

years, the EPA has conducted at least five major testing

programs that involved extensive soil borings, soil and.

sediment sampling, and surveying of the North Property and

CMC's Harbor-front Property.

10. On information and belief, EPA does not seek to

remedy any environmental problem on CMC's Harbor-front

property; EPA has never contended that the Harbor-front

property contains any PCBs.

11. On information and belief, the EPA has announced

that it intends to construct lagoons on OMC's presently

uncontaminated Harbor-front property. Those lagoons will be

used to treat PCS contaminated sediments dredged from Waukegan

Harbor during the estimated 3H years of EPA's remedy. As a

result of EPA's treatment of PCBs on OMC's Harbor-front

property, that property may become permanently contaminated.

12. Nearly 100 truck trips a day service OMC's Waukegan



Harbor facilities, delivering raw materials to those facilities,

and shipping manufactured products from Waukegan to OMC's other

plants in the United States and abroad. Those truck trips

servicing OMC's Waukegan Harbor facilities will be disrupted

by the EPA's project, because that project will close access

roads to OMC's plants and otherwise impede vehicular traffic

in the area.

13. OMC maintains a fresh water intake in Slip No. 3

of Waukegan Harbor that.is essential to the operation of its

manufacturing facilities in the area. EPA's dredging project

in Slip No. 3 will make it impossible for OMC to continue to

use that intake and remain in compliance with federal and

state environmental laws and regulations.

14. EPA's project will cause damage to utility lines

servicing OMC's plants and may render them inaccessible to

repair personnel.

15. The presence of hundreds of EPA and EPA contracted

workers handling allegedly hazardous substances in the

immediate vicinity of OMC's over 2,000 employees in the area

will have a significant adverse impact on the psychological

well-being of OMC's employees.

16. EPA's remedial action will disrupt the operation

of the highly sensitive computer system in OMC's data processing

center housed adjacent to the lagoons EPA intends to build

on OMC's Harbor-front property.

17. While EPA's workers are implementing its remedy,



OMC will be completely precluded from using the 30 acres of

Harbor-front property EPA intends to occupy.

18. The fifteen foot high "containment cell" containing

PCBs from Waukegan Harbor which EPA intends to remain per-

manently on at least six acres of CMC's parking lot property

will completely and permanently eliminate CMC's use of that

property and the area immediately surrounding it.

19. The foregoing adverse effects on CMC's Waukegan

Harbor facilities from EPA's project pose a significant risk

of both temporary and permanent disruptions to CMC's Waukegan

Harbor operations. Because CMC's Waukegan Harbor operations

are the exclusive source of certain critical parts used in CMC's

other United States and foreign operations, and because

those operations rely on the data processing and engineering

services performed in Waukegan, there is a substantial risk

that the assembly of finished products by those other operations

will be disrupted as well.

20. If called in this matter, I could testify to the

foregoing facts under oath.

FURTHER AFFIANT SAYETH NAUGHT

SUBSCRIBED AND SWORN TO
Before Me This //7* Day
Of SL^jC_____, 1985

NOTARY PUBLIC



ATTACHMENT G

Daniel P. Boyd & Co.
Consultants to Management

December 2, 1988

Mr. Jeffrey Fort
Gardner, Carton and Douglas
321 North Clark
Chicago, Illinois 60610

Dear Mr. Fort:

Find enclosed a summary report entitled "Analysis of Additional
Risks of the Current Cleanup Proposal for Waukegan Harbor". We
have evaluated the potential risks associated with the current
proposal which were not assessed in the 1987 risk assessment
conducted by our group.

Two new scenarios were evaluated, first the assessment of the
exposures to PCBs from dust generated at the site resulting from
the Taciuk treatment process, and secondly the risk associated
with the transportation of the PCB material generated by
treatment of PCB containing soils by the Taciuk process.

From our evaluation, the exposure loads that were determined
would not create significant risks over those evaluated in the
1987 risk assessment. In fact, we believe the risks associated
with the dust generated from the Taciuk process to be
insignificant. The risks from transporting PCB material from the
site were also small, and were insignificant when compared to
other cleanup strategies which involved transportation.

Should you have any questions regarding this analysis, please do
not hesitate to contact us.

Sincerely yours,

Daniel P^xBoyd, Ph.D.
President

DPB/tsm

Enclosure

P.O. Box 837 • Middleburg, Virginia 22117 • (703) 338-2036



ANALYSIS OF ADDITIONAL RISKS OF THE CURRENT CLEANUP PROPOSAL
FOR WAUKEGAN HARBOR

We have reviewed the current cleanup proposal for Waukegan
harbor, as is outlined in the EPA-OMC consent agreement. The
purpose of this review is to identify and evaluate any aspects of
this remedy which might create risks in addition to those risks
previously reviewed for the basic in place containment remedy.
(Crump et al. 1987)

The following are believed to be the areas where there could be
an increased risk to human health resulting from the current .
proposal: 1) the impact of the transport of 20 truckloads of PCB
material from the harbor site, 2) the generation of dust from
the cleanup process including the dust from general excavation
and on-site treatment of soils to remove PCBs, and 3) the impact
of the remedy on water quality from certain OMC discharges.

(1) With regard to the risk associated with the transportation
of PCBs from the harbor site, the analysis conducted in the 1987
risk assessment will be used as the starting point. In that
analysis, the risk of accidents to trucks during transportation
of PCB sediments from Waukegan harbor to an off-site landfill was
calculated. The mean probability of an accident for single unit
trucks per mile traveled was determined to be:

16.35 x 10E-6 accidents per mile

The analysis also included the probability of an accident per
mile traveled by road types - interstate, principal arterial, or
other types. In the current proposal, PCB materials will be
transported to the SCA Incinerator in Calumet, Illinois. Roads
to that site are a combination of Interstate 50%, principal
arterial 35% and other types 15%, The probability of an accident
per mile for a single unit truck can be determined using
statistical data from the 1987 risk assessment and was calculated
to be:

4.62 x 10E-7

In addition, the probability of a fatal accident per mile
traveled on the same combination of roadways was calculated, and
found to be:

1.35 x 10E-9

Crump, K.S.; Rodgers, P.; Boyd, D.P. and T.H. Milby. Risk
Assessment on Polychlorinated Biphenyls for Outboard Marine
Corporation Site, February 26, 1987



This data can be used to estimate the probability of a single
unit truck encountering an accident (fatal or otherwise) on the
K i cr l-\ t.i o ir uK i 1 <» t i -ancr - inr - t - iner PP.R m a t o T ' i a l tn i V> » <?P A T n r - T n p r a t v n r .
unit trucK encountering an accident, tia^ai or otnerwisei on tne
highway while transporting PCB material to uhe SCA Incinerator.
The Incinerator is at most 60 miles from the Waukegan harb-~"~
site. The probability of a single unit truck encountering
fatal accident while traversing the route from Kaukegan to
Calumet can be determined:

[1.35 x 10E-9 per mile][60 miles] =

8.1 x 10E-8

The probability of an accident of any kind can be calculated:

[4.62 x 10E-7 per mile][60 miles] =

2.77 x 10E-5

Twenty truck loads will be required to remove the PCB materials
generated from the proposed sediment extraction process.
Consequently, for the entire transportation process, the number
of trucks involved in an accident can be determined by
multiplying the probabilities by the total number of truck loads.
Thus, the probability of a fatal highway accident is:

[8.1 x 10E-8][20] =

1.62 x 10E-6,

and the probability of an accident of any kind is:

[2.77 x 10E-5][20] =

5.5 x 10E-4

These numbers can be interpreted to mean that, on the average,
about 1.62 trucks out of every one million may be involved in a
fatal accident on a one-way trip from Waukegan to Calumet. In
addition, every 5.5 trucks out of every ten thousand may be
involved in an accident of any kind.

It is helpful to compare these probabilities with those
calculated for the approaches identified in EPAs 1984 Record of
Decision (ROD) as the "cost-effective" and "fund balanced"
approaches. As can be seen in Table 1, in all cases there is
less of a probability of a transport accident for the current
proposal than the approaches identified by EPA. For example the
probability of a fatal accident varies from a high of 6.4 per
thousand for the cost-effective approach to a low of 1.62 per
million in the current proposal. This provides for an additional
margin of safety of several orders of magnitude, and the current
proposal is preferable to the other EPA alternatives.



TABLE 1

COMPARISON OF THE PROBABILITIES OF AN ACCIDENT OCCURRING DURING
TRANSPORTATION - THE EPA "COST-EFFECTIVE" AND "FUND-BALANCED"

APPROACH
VERSUS THE CURRENT PROPOSAL

probability of probability of a
an accident fatal accident

"Fund-Balanced" 0.106 3.8 x 10E-4

"Cost-Effective" 1.8 .0064

Current Proposal 5.4 x 10E-4 1.62 x 10E-6

(2) The second issue considers the dust generated at the harbor
site during the current proposal. The dust generated through the
general excavation of the soil, and during the processing of the
high PCB level soils by the Taciuk process will be analyzed.

During excavation of the PCB containing soils all of the
anticipated excavation work will be conducted in wet sand and
muck. The excavation, dredging and containment activities will
move these soils to allow specific operations, such as the
construction of a containment wall, to proceed. Because of the
dampness of the soil, no significant dust generation is likely.
In the 1987 risk assessment, an analysis of ROD and IPC
alternatives included excavation, dredging and containment
activities. These same activities are included in the current
approach. In that analysis, it was assumed that dust would not
be a route of exposure to PCBs because of the condition of the
soils at the harbor site. The soils are damp and should they
become airborne they will likely settle out of the air rapidly,
thus remaining on site.

A potential source of dust generation could come from the soil
treatment process outlined in the current proposal. The Taciuk
process heats the PCB containing soil and it is possible that the
dry soil resulting from this process could become airborne. To
avoid this entrainment, dust control measures will be instituted.



However, it should be noted, that the actual PCB concentration in
the dust resulting from the treatment of soils by the Taciuk
process have not exceeded 0.10 ppni.

As part of the site cleanup plan, a continuous air monitoring
program will be instituted. The concentrations of PCBs in the
air including airborne particulates will be measured, and
controlled to applicable OSHA standards for occupational
exposure. This program will ensure that dust control measures
instituted are operating effectively. In addition, respiratory
protection will be used by the workers on site to further ensure
protection.

Because of the monitoring program, dust levels at the site
boundaries will not exceed the current OSHA standard of 15 mg/m3
for nuisance dust. It is likely \'.iat this standard will be
reduced in 1989, through a current OSHA rulemaking which proposes
to change the nuisance dust limit to 10 mg/m3.

One can quantitatively assess the risk associated with the
possible dust exposures at the plant boundaries. For example
should a guard immediately outside the area be exposed for a full
10 hour shift to the OSHA proposed standard for nuisance dust (10
mg/m3) for the full term of the operation of the Taciuk process
(9 months), the following lifetime exposure can be determined:

[10 mg/m3][10 m3 work day inhalation rate] -
100 mg/day of dust inhaled

[100 mg/day][9 months][30 days/month] =
2.7 x 10E4 mg for 9 months

[2.7 x 10E4 mg][0.10 x 10E-6 cone, of PCB in dust] =
2.7 x 10E-3 mg PCBs for 9 months

[2.7 x 10E-3]/[70 kg man][25550 days in a lifetime] =
1.51 x 10E-9 mg/kg/day PCB exposure

The cleanup plan of the current proposal allows the soil
treatment process to be 97% efficient. Thus the worse case for
soils generated in the process, assuming an average PCB
concentration in the soil to be 10,000 ppm, will yield residual
PCB concentration of 300 pmm in the treated soil. Utilizing the
same calculation procedures as above the PCB exposure for soils
containing 300 ppm PCB is:

4.55 x 10E-6 mg/kg/day PCB exposure

Many conservative assumptions are included in this analysis, for
example, it was assumed that all the dust particles are either
inhaled or ingested, and that 100% of the PCBs are available for
contribution to exposure through absorption. These assumptions



are, of course, far from what would occur given the distribution
of particle size that would be expected at the site, and the
absorption characteristics of PCS containing dust.

Even with these most conservative assumptions the worst case risk
associated with both alternatives are in the 10E-6 to 10E-8
range, and do not present an adverse risk to human health.

(3) The risks associated with dust from the Taciuk operation
which become part of the water discharges from the OMC facility
can be assessed. It is possible that dust could collect on the
roof during the Taciuk treatment process, and be discharged
through the OMC out-falls 014, 015, and 016, since each of these
discharges include, in part, drainage areas that are in the
vicinity of the proposed sediment treatment system. Again if we
assume thp worst case for the treatment of PCB containing soils
by the Taucik process, then the uust generated could contain 300
ppm PCBs, This process will take 9 months to complete. To
determine the PCBs that could be transported to the harbor and
lake, assume that the storm water effluent equals 15 mg/1 of
total suspended solids (TSS), and all of these solids are from
the Taciuk treatment process.

The concentration of PCBs in the discharge can be calculated as
follows:

[15 mg/l][300 ng/mg] =
4500 ng/1 = 4.5 ug/1

Since the process will run for nine months, and it is estimated
that the amount of storm water that will be discharged from these
out-falls is on the order of 1 x 10E6 ft3 during a nine month
period.

Converting cubic feet to liters:

[1.0 x 10E6 ft3][7.45 gal/ft3][3.84 1/gal] =
28.6 x 10E6 liters

Thus the maximum PCBs discharged will equal:

[28.6 x 10E6 liters][4.5 x 10E-6 gm/1 cone.] =
128.7 grams

When these loads are compared to the loads of PCBs to the lake
and harbor determined in the 1987 risk assessment, they are
insignificant.

(4) In the time available for this analysis, we have not
attempted to perform a detailed quantitative risk assessment in
all the scenarios analyzed, however, from our evaluation, the
exposure loads that were determined would not create significant



risks over those evaluated in the 1987 risk assessment. In fact
we believe the risk associated with the dust generated from the
Taciuk process to be insignificant.

The risks associated with the transportation of PCB materials
from the site are also small, and were insignificant when
compared to other cleanup strategies involving PCB
transportation. Overall, from our evaluation, given the
extremely conservative assumptions used, we believe that the
risks resulting from the current proposal to cleanup Waukegan
harbor will add no addition risk to human health.



ATTACHMENT H

CMC
OUTBOARD MARINE CORPORATION p l a u k c °rhone

100 Sea-Horse Drive
Waukcgan. Illm
Phone 312/689-
Telex 02b-3891

November 30, 1988

Mr. John Williams
Hearing Officer
Illinois Environmental Protection Agency
2200 Churchill Road
Springfield, Illinois 62706

RE: Outboard Marine Corporation - NPDES Permit No.
IL00002267

Dear Mr. Williams:

Outboard Marine Corporation ("OMC") submits these comments
on the draft National Pollutant Discharge Elimination System
(NPDES) permit for its Waukegan facility which the Illinois
Environmental Protection Agency ("IEPA" or "the Agency") pro-
posed as a modification to the existing permit issued in 1987.
These comments are based on the draft permit sent to OMC on
October 22, 1988.. A copy of the Public Notice and proposed
permit is attached as Appendix 1.

This comment will address several issues. First, we will
describe the current operating characteristics at OMC's
Waukegan facility, including the sources and flows of effluent
through the various outfalls. Second, we will outline signifi-
cant provisions of prior NPDES permits and determinations made
with respect to this facility. Third, we will explain the
justifications for the limitations associated with the con-
struction involved in the remedial and sediment resource resto-
ration action ("remedial action" or "remedial activities") to
be accomplished pursuant to the Consent Decree negotiated in
United States v. Outboard Marine Corporation. N.D. 111. Civil
Action No. 88C-8571 and 8572. Fourth, we will discuss the



Mr. John Williams
November 30, 1988
Page 2

appropriateness of establishing interim limitations for TSS and
PCBs and requiring toxicity reduction evaluations at the
Waukegan facility. Finally, we will demonstrate that the final
effluent limitations in the proposed permit are protective of
water quality and consistent with the Clean Water Act.

I. Current Outfall Description

Pursuant to its NPDES permit, OMC discharges water
from 11 outfalls at its Waukegan facility (001, 002, 003,
004, 005, 006, 007, 008, 014, 015, and 016).
Specifically, these outfalls discharge cooling water and
stotiu^ater runoff into Wau':egan Harbor, Lake Michigan,
and the North Ditch tributary to Lake Michigan.

Outfalls 001, 007, and 014 discharge noncontact
cooling water and stormwater runoff. Outfall 006 handles
contact cooling water from engine test cells. The seven
remaining outfalls discharge stormwater runoff from roof
drains (002, 003, 004, and 016) or a combination of yard
and roof drains (005, 008, and 015). Harbor intake water
contributes to the effluent at all process water dis-
charge outfalls.

OMC's NPDES permit establishes limitations for pH,
temperature, total suspended solids ("TSS"), and
polychlorinated biphenyls ("PCBs") discharged through
the outfalls at the Waukegan facility. The discharge of
TSS at the Waukegan facility is regulated only at
Outfalls 015 and 016. The constituents of TSS effluent
from OMC have been found to be primarily vegetation
fragments, coal dust, limestone dust and sand. The most
probable sources of the TSS discharged from outfalls 015
and Ore are airborne deposition from nearby Lake Michigan
beaches and the Commonwealth Edison coal-fired power
plant located approximately one-half to three quarters of
a mile north of the facility and the weathering of roof
surfaces at the facility.

The discharge of PCBs at the Waukegan facility is the
result of the historic uses of PCBs by OMC. From approx-
imately 1960 until 1972, OMC used hydraulic fluids con-
taining varying percentages of PCBs in aluminum die
casting hydraulic systems at the Waukegan facility.
These non-enclosed industrial practices allegedly
resulted in the accidental release of PCBs into Waukegan
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Harbor, Lake Michigan, the North Ditch, and soil and
sediments at the Waukegan facility.

Since 1972, OMC has not purchased any hydraulic fluids
containing PCBs or PCB-containing products, and has
discontinued the use of PCBs in its manufacturing
operations other than those expressly authorized under
the Toxic Substances Control Act ("TSCA"). Presently,
none of the manufacturing operations, where hydraulic
fluids containing PCBs were historically used, produce
wastewater which is discharged through the NPDES
outfalls. In fact, in 1985, the United States
Environmental Projection Agency ("U.S.EPA") determined
that the Waukegan die cast facility met the Clean Water
Act goal of zero discharge of pollutants through manufac-
turing processes. PCBs presently discharged through
CMC's outfalls, therefore, are the product of background
sources and stormwater runoff.

II. NPDES Permit Limitations Regarding PCB Discharges

On September 15, 1987, OMC's NPDES permit was
reissued, effective October 14, 1987. The new permit
established an interim PCB numerical limitation of 1.0
ug/1 (ppb), in effect until August 1, 1991. From
August 1, 1991 until August 1, 1992, the PCB numerical
limitation was to be 0.1 ug/1 (ppb). Special Condition 1
of the permit set a final PCB limitation of 1.0 ng/1
(ppt) as a "goal not enforceable during the life of this
permit."

The reissued permit represents an abandonment of prior
Agency practice relating to the regulation of PCBs at the
OMC facility. The previous 1983 permit contained no cat-
egorical effluent limitations applicable to OMC's dis-
charges. It was recognized in Special Condition 15 of
the 1983 permit that "IEPA does not envision treatment
equipment as being the method to meet the 1.0 ppb final
limitation for PCBs." Instead, Special Condition 15 es-
tablished the definition of "best available treatment
economically achievable ("BAT") by a best management
practices ("BMP") program."

The rationale for the change in the regulation of PCBs
discharged under the 1987 NPDES permit is not clear. OMC
has determined and respectfully suggests that the data
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collected at the Waukegan facility supports the use of
BMP as BAT. Attached as Appendix 2 are copies of data
compilations from each outfall which clearly show the
reduction in discharge levels which has occurred over the
last 10 years. In addition, a comparison of influent and
effluent data indicates that, operating under the BMP
plan, the facility is a net zero discharger of PCBs.
Also, the total PCB loading associated with stormwater
discharges is significantly less than 1 pound per year,
in fact, on the order of 0.1 pound per year.
Appendix 2.

The conditions of the 1987 permit have been appealed
to the Illinois Pollution Control Board. In addition,
OMC has filed a request for an evidentiary hearing with
U.S.EPA. The enforceability of the 1987 permit condi-
tions for the regulation of PCBs, therefore, has been
stayed pending Agency action. See Borg-Warner Corp. v.
Mauzv. 100 Ill.App.3d 862, 868 (3rd Dist. 1981). If ap-
proved, this proposed permit and special conditions will
supercede the terms and special conditions of the 1987
permit.

Ill. Hew Considerations for the Regulation of PCBs

Additional facts have become available since the 1983
modification and 1987 reissuance of CMC's NPDES permit
which affirm the effectiveness of BMP for the achievement
of BAT for PCB discharges at the facility. These facts
suggest that the terms and conditions of the proposed
permit have been established in recognition of unique
problems associated with the regulation of PCBs and are
protective of human health and the environment.

First, PCB sampling and analytical data indicates the
inaccuracy and inadequacy of monitoring PCB
concentrations at 1.0 ug/1 (ppb). Second, a risk assess-
ment, completed at the Waukegan facility, of the effects
of PCBs presently in Waukegan Harbor indicates that
permit limitations greater than 1.0 ug/1 (ppb) for PCBs
are protective of human health. Third, new TSCA
regulations have established PCB limitations in excess of
1.0 ug/1 (ppb) as consistent with technological limits
and appropriate criteria for the regulation of PCBs under
TSCA.
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A. PCB Sampling and Analytical Variability

Effluent limitations in NPDES permits are to be estab-
lished at levels which, among other factors, consider
sampling and analytical variability. Based on a review
of available data, it is CMC's contention that the 1 ug/1
(ppb) limitation for the discharge of PCBs in its 1983
and 1987 permit fails to adequately contemplate the in-
herent variability in sampling and analytical procedures
regulating PCBs.

Dr. Kenneth Crumrine of Versar, Inc., an environmental
engineering consulting firm, was requested by OMC to re-
view the data relating to che sampling and analysis of
PCB concentrations in wastewater. Dr. Crumrine's affida-
vit, which was previously forwarded to IEPA, is included
as Appendix 3.

With respect to the reliability of PCB sampling proce-
dures, Dr. Crumrine concluded that concentrations at or
below 1.0 ug/1 (ppb) cannot be reliably measured.
Appendix 3, p. 3. In reaching this conclusion, Dr.
Crumrine relied, in part, on data sets from U.S. EPA
measuring PCB concentrations in PCB samples and field
blanks supposedly containing no PCBs. Some of the data
sets collected by U.S.EPA indicated that field blanks
containing no PCBs recorded contamination ranging from
0.5 ug/1 (ppb) to 2.1 ug/1 (ppb) with an average trip
blank PCB concentration level of 0.92 ug/1 (ppb) for 28
data points. Appendix 3, p. 3.

Dr. Crumrine concluded that these results persuasively
suggest that "sampling variation alone could be responsi-
ble for reported effluent discharge concentrations of
PCBs in excess of Outboard Marine Corporation's 1.0 ppb
permit concentration limit for PCBs." Appendix 3, p. 3.
The data sets tested, of course, were intended to have no
PCB content, or no measurable PCB content. Yet, some
laboratories reported levels substantially over 1.0 ug/1
(ppb). Even assuming U.S.EPA reference methods were fol-
lowed, Dr. Crumrine articulated the need to consider
sampling variability and average PCB contamination levels
in order to achieve a representative indication of envi-
ronmental conditions and eliminate the possibilities of
laboratory error in the analyses. As stated by Dr.
Crumrine, the simple fact, based on scientific
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evaluation, is that a PCB permit limitation of 1.0 ug/1
(ppb) is "below the concentration level where wastewater
characterization can be reliably determined using state-
of-the-art monitoring procedures." Appendix 3, p. 2.

Dr. Crumrine also reached the conclusion that analyti-
cal variability, as distinct from sampling variability,
makes monitoring for PCBs at 1 ug/1 (ppb) questionable.
In making this determination, Dr. Crumrine utilized two
methods of testing the reliability of analytical data.
The first method, the analytical methods detection limit,
seeks to ascertain the lowest accurately quantifiable
concentration level of a particular chemical constitu-
ent. For PCBs, u.S.EPA he^ determined that level to be
0.065 ug/1 (ppb) for their reference Method 608.
Appendix 3, p. 4. Yet, when Dr. Crumrine examined re-
sults of tests performed by U.S.EPA and its contract lab-
oratories, he found that a detection level of only 0.5 to
1.0 ug/1 {ppb) was consistently reported as the limit of
quantification using Method 608. Appendix 3, p. 4-5.

The second method identified for the measurement of
analytical reliability was through a procedure to deter-
mine the precision and accuracy of the analytical meth-
od. Precision defines the level of variation associated
with the analysis of identical samples. Accuracy is
identified by comparing the known concentration of a
chemical constituent in a laboratory standard with the
concentration reported during a routine analysis of the
standard. Appendix 3, p. 4.

U.S.EPA has determined PCB precision limits for Method
608 to be 26% to 34%. Accuracy limits have been found to
be 78% to 158% recovery of the known value. Translated,
this means that a discharge sample reported as having a
concentration of 0.8 ug/1 (ppb) may be as low as
0.51 ug/1 (ppb) or as high as 2.11 ug/1 (ppb) due to ana-
lytical variability. In addition, Dr. Crumrine stated
that the reliability of such samples becomes increasingly
suspect as PCB concentrations get closer to detection
limits. Appendix 3, p. 5.

Based on the inherent problems associated with PCB
analysis at the levels sought to be regulated at the OMC
facility, Dr. Crumrine concluded that past PCB
exceedances may have been the result of analytical
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problems. As stated, "analytical variation alone could
be responsible for reported effluent discharge
concentrations of PCBs in excess of Outboard Marine
Corporation's permit concentration limit for PCBs."
Appendix 3, p. 6.

B. Waukegan Harbor Risk Assessment

Pursuant to negotiations surrounding the Waukegan
Harbor PCB sediment cleanup, a risk assessment of the
effect of PCBs presently located in Waukegan Harbor was
conducted by K.S. Crump, et al. A copy of this compre-
hensive risk assessment has previously been provided to
the Agency, and the conclusions of the assessment are
attached as Appendix 4. The risk assessment has been
accepted by U.S. EPA as part of the approval of the
Consent Decree for remediation of the Waukegan Harbor
sediment PCB issue. The results of the assessment
support the conclusion that an effluent limitation at or
below 1.0 ug/1 (ppb) is not warranted for the discharges
at CMC's facility.

While focused on the remedial action, the findings
articulated in the risk assessment are relevant to the
NPDES permit process. First, the conclusions set forth
in the assessment show that the basic OMC remedial pro-
posal for in-place containment would reduce the risk to
human health to a potential level significantly less than
that achievable under the Record of Decision ("ROD")
issued by U.S. EPA in 1984 for proposed remedial
activities at the facility. IEPA concurred with USEPA's
ROD which, as concluded by the Agency, ensured the pro-
tection not only of human health, but also the protection
and preservation of the environment. Given its approval
of the 1984 ROD, it would be inconsistent for IEPA to now
conclude that the proposed NPDES permit is not
sufficiently protective of human health and the
environment.

Also, existing data suggests that PCB contamination at
certain outfalls has resulted from intake water from the
Harbor. Despite this fact, it is the conclusion of the
risk assessment that near-lakeshore users would be
subjected to an acceptable potential risk and that no
public health-based reason exists for further reduction
of PCB discharges from the NPDES outfalls. Appendix 4.
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Indeed, after implementation of the remedial action plan
and the expiration of the existing permit as modified,
PCB levels in the Harbor may be less than those in the
open water of the Lake. Therefore, risks to human health
and the environment under the proposed permit, if ap-
proved, will continue to be reduced.

C. New TSCA Regulations

U.S. EPA recently promulgated final rules regulating
the discharge of PCBs at recycled paper plants. 53 FR
24206 (June 27, 1988). The rules establish a PCB
effluent limitation of 3.0 ug/1 (ppb) for such plants.
53 FR 24208.

Reportedly, the 3.0 ug/1 (ppb) limitation reflects
technological limits and the appropriate criteria to be
considered under TSCA. As the preamble to the new
regulations explains, "[t]he 3 ppb limit represented a
level determined by EPA to be a universally achievable
and reliable level of quantitation ("LOQ") which would
best ensure, together with the other restrictions in the
definition, that no unreasonable risk of injury to health
or environment would be posed by these manufacturing pro-
cesses." 53 FR 24216. Clearly, these regulations recog-
nize that the protection of human health and the
environment can be ensured at levels in excess of
1.0 ug/1 (ppb).

IV. Discharge Limitations During Remedial Action

The Consent Decree signed in resolution of the
Waukegan Harbor PCB dispute creates a comprehensive reme-
diation program for the cleanup of PCBs. Inevitably,
these remedial activities will have an effect upon dis-
charges from the OMC facility. For example, as
documented by Dr. John Herbich in attached Appendix 5,
even the most conscientiously and carefully operated
dredging equipment will only be approximately 87% effi-
cient. A portion of botcom sediments will either not be
removed, or will be resuspended but not captured by the
dredge apparatus, and, therefore, resettle as the bottom
surface layer. Appendix 5, p. 26-27. The latter materi-
als will be available for resuspension and may contain
PCBs which would temporarily increase PCB levels in dis-
charges from outfalls 001, 006, 007, 008 and 014.
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As indicated by the trend data in Appendix 2, more
recent discharges at CMC's facility indicate levels sub-
stantially less than levels which existed between
1977-1979. Since the suspected PCB discharge point was
not completely sealed until December, 1976, the 1977-1979
sampling levels may more closely approximate post-
remedial action conditions than more recent Harbor water
quality data. The risk assessment found that there was a
reduction of approximately 50% in PCB levels over a 5
year time span from 1977 until 1982. Appendix 2. Since
OMC removes cooling water from Harbor intakes for both
Plant 1 and Plant 2, it is expected that, following
dredging activities in the Harbor, discharge levels could
be elevated for a period of time following completion of
the remedial action.

It is important to understand that the PCB levels
which may be measured in OMC discharges during and
following remedial activities will not be materials which
are being added by the current manufacturing operations.
Rather, they will be materials which are resuspended as
part of the remedial action operations. The short-term
effects of the dredging operations have been included in
the risk assessment analyses and found to present a risk
below that of the remedy selected by the agencies in the
1984 ROD. Appendix 4.

Additional impacts upon the outfalls could result from
the resuspension of materials from the North property
during remedial activities. It is known that remedial
action efforts, like other construction activities, can
involve the generation of fugitive dust materials. The
work plan prepared under the Consent Decree requires the
control of these fugitive materials on-site by the con-
tractor performing the remedial action. Appendix 6,
p. 28, 33. Nevertheless, it can be reasonably expected
that such materials may, at times, be dispersed and
migrate to the various outfalls at the Waukegan facility.

The fact that dredging and construction activities
will result in elevated PCB and TSS effluent levels is
undisputed by USEPA. Appendix 7. In fact, the Consent
Decree provides alternate and enforceable effluent
limitations during the period of construction to account
for these elevated effluent levels. A daily maximum lim-
itation of 5 ug/1 (ppb) is selected for PCB discharges
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from all the major outfalls, with a 1 ug/1 (ppb) 30 day
monthly average being selected for outfalls 007 and 014.
Appendix 8, p. 20. The 5 ug/1 (ppb) daily maximum value
was chosen as a value at which sampling variability would
not be a significant problem and at which achievement
would be both economically and technologically reason-
able. Appendix 8, p. 20.

As a condition of these requirements, however, OMC
must implement a BMP program for the control of the
generated effluent. This BMP plan will be submitted for
approval within 30 days of the effective date of the
De^^e and will also becc^-1 a condition of the modified
NPDES Permit, as appropriate. Appendix 8, p. 21. In
addition, OMC has agreed to institute dry weather mea-
sures such as gutter and roof cleaning, and other
programs for control of sediments in storm water dis-
charges. As needed, other BMP requirements will be
implemented as mandated by U.S. EPA and IEPA. These
requirements will be applicable whenever samples are
collected which indicate that PCB levels are in excess of
1 ug/1 (ppb). Appendix 8, p. 21-22.

In the same manner, the construction-based limitation
on TSS under the Consent Decree is 30 mg/1 (ppm),
expressed as a daily maximum and not a 30-day average and
applicable only to storm events of 0.3 inches in 24
hours. Appendix 8, p. 20. Such a limitation has been
deemed necessary to account for the potential variabili-
ty in TSS levels during the remedial activities.

In light of these conditions, OMC requests that the
permit contain a special condition recognizing BMP as the
mechanism for assuring compliance with permit
requirements during the permit period. Including such a
condition as an integral part of the enforceable standard
is consistent with the Consent Decree because it reflects
the BMP requirements in provisions covering discharge
limitations in the Consent Decree as well as the "Force
Majeur" defense available for circumstances occurring
beyond the control of OMC. Appendix 8. The suggested
language for such a special condition is as follows:

It is intended that the Best Management
Practices requirements contained in this
modified permit are the mechanism for
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assuring control of the discharges and for
compliance with the effluent limitation
stated herein. In the event of an
exceedance of the effluent limitations
stated above, improved, increased or contin-
ued efforts under the BMP plan will be imme-
diately implemented by OMC. If requested by
the Agency, OMC will submit an amendment to
the BMP plan for approval by the Agency.

Finally, OMC will also, again, review the possibility
of rerouting discharges of intake water from outfalls 007
and 014 to existing or new outfalls in the upper Harbor.
OMC wi1! provide a ^eport to the Agency on the feasibili-
ty of such an effort as part of the Consent Decree pro-
cess. Appendix 8, p. 22. A similar report will also be
submitted to the Agency pursuant to this permit.

Recommended Interim Limitations for TSS and PCBs

A. Jnterim TSS Limits

TSS limitations under the currently enforceable NPDES
permit prohibit discharge concentrations to exceed
15.0 mg/1 (ppm) during storm events of 0.3 inches in 24
hours. OMC contends that no interim limitations should
be imposed on the present discharges of TSS because the
sources of these TSS discharges are unrelated to OMC's
manufacturing processes and because TSS discharges from
outfalls 015 and 016 are deminimis with respect to Lake
Michigan waters.

The regulation of TSS discharges at OMC's Waukegan
facility is limited to outfalls 015 and 016. The dis-
charges consist of run-off from roof and yard drains
during storm events. No process water is contained in
these discharges. Samples taken and analyzed by indepen-
dent consultants have identified the presence primarily
of coal dust, limestone dust, sand, and vegetation
fragments in the particulate material (TSS) which is
present in outfalls 015 and 016. Appendix 9. None of
these solids is used nor generated during OMC's manufac-
turing processes.

These facts clearly demonstrate that an interim TSS
limitation is inappropriate when applied to OMC's
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facility. The fact that coal dust, limestone dust, sand,
and vegetation fragments cannot be traced to OMC's
operations suggests that TSS levels over 30 mg/1 (ppm)
are the result of off-site sources and nonpoint dis-
charges. Supporting this conclusion is the fact that
sand and coal dust can be traced to the nearby Lake
Michigan beaches and the Commonwealth Edison coal-fired
power plant located one-half mile north of the OMC facil-
ity. The presence of vegetation fragments or solids
resulting from roof weathering on-site does not, by
itself, justify regulation.

Further, Illinois regulations suggest that the interim
30 mg/1 (ppm) level is inappropriate for these outfalls
prior to commencement of the remedial action. The
Pollution Control Board did not adopt 35 111. Adm. Code
§304.124 to regulate non-point source discharges.
Indeed, at the time of the promulgation of §304.124, non-
point source discharges of TSS were considered exempt
from regulation under NPDES permits. Also, under the
averaging limitations for TSS set forth at 35 111. Adm.
Code §104, current Illinois regulations allow daily TSS
levels to reach 30 mg/1 (ppm).

Because the evidence points to the primary sources of
TSS being off-site, the establishment of interim TSS
NPDES permit limitations is particularly unreasonable.
OMC is unable to limit the TSS concentrations of its run-
off through direct source controls. If interim limits
remain, OMC is in a position where civil penalties may be
imposed despite the impossibility of direct source
controls.

In addition to the uncontrollable sources of TSS,
OMC's TSS discharges are minor and have no measurable or
material impact on water quality or the environment. OMC
has estimated its discharges of TSS from outfalls 015 and
016 from 1984 through 1987 for monitoring event rainfalls
(.3 inches in 24 hours). OMC estimated that it dis-
charged 610 pounds of TSS from outfalls 015 and 016 in
1984; 101 pounds in 1985; 390 pounds in 1986; and only 75
pounds in 1987. Appendix 10, p. 4. This covers the dis-
charges from the run-off area for outfalls 015 and 016 of
377,000 square feet. Appendix 10, p. 2-3.
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That these discharges are minor is evident by
comparing these numbers wi*->i numbers for typical street
surface discharges during a single rainfall event of one-
half inch in one hour. Based on calculations in a
U.S.EPA study of water pollution aspects of street sur-
face contaminants, the mean loading intensity of solids
during a single rain fall of one-half inch is 16 pounds
per 1,000 square feet runoff area. Appendix 11, p. 35.
Translated, the mean discharge from a single storm of
one-half inch would be more than 6,000 pounds for a
street area equivalent to CMC's run-off area of 377,000
square feet.

For all of CMC's monitoring event rainfalls, the maxi-
mum TSS discharge from outtall 015 was approximately 0.4
pounds per 1,000 square feet of run-off area, and the
maximum TSS discharge from outfall 016 was approximately
0.1 pounds per 1,000 square feet of run-off area. The
mean TSS discharge during monitoring event rainfalls from
outfall 015 was approximately 0.07 pounds per 1,000
square feet of run-off area, and the mean TSS discharge
during monitoring event rainfalls from outfall 016 was
approximately 0.03 pounds per 1,000 square feet of run-
off area. Appendix 10, p. 5. Thus, the mean total dis-
charge from CMC's outfalls was 0.1 pounds per 1,000
square feet of run-off area as compared with the U.S. EPA
study discharge mean of 16 pounds per 1,000 square feet
of run-off area.

The U.S.EPA study also offers support for the
conclusion that CMC's TSS discharges are not harmful.
The study found that like CMC's TSS discharges, a major
constituent of street surface contaminants was
"inorganic, mineral-like matter, similar to common sand
and silt." Appendix 11, p. 3. The study stated that
such "inorganic material, most of which is probably
blown, washed, or tracked in from surrounding land areas,
does not constitute a serious water pollutant problem by
itself." Appendix 11, p. 3.

In addition, the impact of TSS discharges from
outfalls 015 and 016 on Lake Michigan is minimal, if mea-
surable at all. A 1976 U.S. Army Corps of Engineers
study estimated that potential rates of littoral drift of
sediments in Lake Michigan off Waukegan amounted to
60,400 cubic yards per year. Appendix 12, p. 23. This



Mr. John Williams
November 30, 1988
Page 14

translates into more than 180 million pounds per year of
solids moving by the ijake Michigan shoreline at
Waukegan. By comparison, CMC's discharges from outfalls
015 and 016 would have contributed only between 75 and
610 pounds per year between 1984 and 1987, assuming all
of the TSS discharged found its way into the Lake.

This minimal contribution from CMC's outfalls does not
justify the imposition of TSS limitations. CMC is of the
belief that IEPA should treat CMC like every other dis-
charger of roof runoff or roadway runoff. To treat CMC
like other such dischargers, IEPA must delete the interim
TSS limitation in the permit prior to the commencement of
construction.

B. Interim PCS Limits

CMC also submits that the modified permit should ad-
dress the issues of sampling and analytical variability
and the site-specific risk assessment in adopting interim
limits for PCBs. CMC is willing to pursue the sampling
requirement and programs for outfalls 002-005 as proposed
in the draft permit. However, CMC believes that the in-
terim limitation for PCBs should not be 1.0 ug/1 (ppb) as
a daily maximum. CMC requests that the modified permit
contain a daily maximum level for PCBs of 5.0 ug/1 (ppb)
with a monthly average for outfalls 001, 006, 007 and 014
of 3.0 ug/1 (ppb). It is the belief of CMC that the
following considerations justify and compel an interim
limitation greater than 1.0 ug/1 (ppb):

Sampling and analytical variability as de-
scribed by Dr. Crumrine which would support
a daily maximum limitation of 3.0 to
5.0 ug/1 (ppb);

The Illinois regulation specifying a factor
of two for transferring monthly averaging
into daily limits;

The recent TSCA regulation which allows dis-
charges of 3.0 ug/1 (ppb) from paper mills
using recycled PCB contaminated paper
suggesting that a level greater than
1.0 ug/1 (ppb) is protective of health and
the environment; and
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The technological and economic
unreasonableness of meeting the 1.0 ug/1
(ppb) limitation, as previously submitted to
IEPA. Appendix 13.

VI. inclusion of the Proposed Toxicity Reduction Evaluation
(TRE) Requirements in the BMP Requirements of the Permit

The draft permit proposes to require OMC to undertake
an evaluation of the potential sources and potential
means "of control of various pollutants which purportedly
have been detected in prior sampling." OMC does not
object to the intent of such a requirement, but suggests
that bach can and r,lll be addressed by the existing BMP
requirements and intent of the 1983 permit.

OMC has previously identified all pollutants which may
be in its effluent and prepared an inventory of those
materials. That information was submitted as part of the
baseline for the BMP plan. OMC understands the intent of
the Agency in the listing of materials to identify the
sources and to reduce or eliminate any such discharge.
OMC concurs in that goal, and respectfully submits that
the BMP plan already has the mechanisms in place for
conducting that evaluation.

OMC is prepared to work with the Agency, if necessary,
to develop an acceptable amended BMP plan to fulfill the
TRE condition and intent as indicated in the draft permit.

VII. Consistency with Water Quality Standards

Illinois regulations prohibit the discharge of any
contaminant under an NPDES permit which causes or threat-
ens to cause a violation of any applicable federal or
state water quality standard. No specific water quality
standards have been established for the regulation of TSS
and PCBs. Moreover, none of the permits proposed or
issued by IEPA to OMC purport to base effluent
limitations for PCBs and TSS on water quality standards.

OMC's 1983 NPDES permit utilized a BMP plan for the
attainment of BAT. For the regulation of PCBs, Special
Condition 15 set an initial 1.0 ug/1 (ppb) limitation to
be achieved through implementation of the BMP plan. It
was recognized, however, in Special Condition 15, that if
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the limitation was shown to be technically infeasible and
economically unreasonable, a modification of the permit
would be granted. Effluent limitations under this modi-
fication would be set at a level consistent with that
achievable under the BMP plan. OMC requested such a mod-
ification in 1984. In addition, Special Condition 21
granted to IEPA the authority to modify the terms of the
permit as mandated by a final decree or order requiring
the cleanup of certain sediments in and around Waukegan
Harbor. OMC believes that neither IEPA nor U.S.EPA could
have agreed to consider any modification of the permit,
either to account for a remedial action or new
information on the BMP plan, if the effluent from the
facility was interfering with applicable water quality
standards.

This position was not changed by the issuance of the
1987 permit. Nothing in the administrative record makes
reference to any explicit water quality standard
determinations. Accord Village of Sauoet v. IEPA.
PCB 86-57, 86-62 (1988). Certainly, neither agency ever
provided OMC with any technical analyses relating the
limit on PCBs in the 1987 permit to water quality
criteria.M Thus, we must presume that compliance with
water quality standards was not a basis for the PCB
limitations in the permit.

As already discussed, no applicable and enforceable
water quality standards exist for PCBs in Waukegan
Harbor. Furthermore, the permit, as proposed, regulates
PCBs on a gross discharge basis rather than a net dis-
charge basis, despite the fact that the PCBs are known to
be present in the Waukegan facility's intake water.
Discharge data at outfalls 001, 006, 007 and 014 include
PCB contamination originating in the intake water from

While U.S.EPA, at one point, did demand additional
controls on OMC's NPDES permit, an examination of the
relevant data indicates that the present proposed
oermit takes into account and is expected to further
U.S.EPA's stated goal of achieving no net increase in
PCB levels in Lake Michigan. Indeed, U.S.EPA repre-
sentatives agreed to the discharge limitations in the
proposed NPDES permit modification. See Appendix 7.
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the Harbor. Discharges at these outfalls, do not
represent the addition of pollutants from current manu-
facturing operations into the waters of Waukegan Harbor
and Lake Michigan and hence are not a discharge under the
Clean Water Act or Illinois law.2./

During construction activities at the OMC facility,
PCS discharge levels are expected to increase as a result
of the disruption of sediment in the Harbor. OMC and
IEPA expect this phenomenon to continue for a period of
time in the future. OMC will nevertheless implement a
BMP program to control PCB levels over 1.0 ug/1 (ppb).
Thus, PCB discharges at outfalls 001, 006, 007, 008 and
014 are the direct consequence of new activities to be
conducted under the Consent Decree.

The only outfalls not affected by PCB levels in the
Harbor intake water are outfalls 015 and 016. Calculated
on the basis of annual PCB loading at these two outfalls,
the maximum difference between a 1.0 ug/1 (ppb) limita-
tion and a 5.0 ug/1 (ppb) limitation is trivial, at most,
and certainly protective of water quality. Specifically,
the contribution of PCBs discharged from the OMC facility
under a 5.0 ug/1 (ppb) limitation is no more than 0.15
pounds per year. Appendix 7, Table 1.

In addition, the 5.0 ug/1 (ppb) limitation is a maxi-
mum allowable discharge level. The actual level of PCB
discharges is expected to be much less because the permit
requires continuation of BMP practices. The past perfor-
mance of the BMP plan has shown that, on average, the
actual PCB discharge level is less than 1 ug/1 (ppb) .
Appendix 2. The 5.0 ug/1 (ppb) limitation takes into

The Clean Water Act regulates only "discharges of
pollutants," defined as "any addition of any pollutant
to navigable water." 33 U.S.C. §1311(a) and
1362(12). Whether a discharge can be measured on a
gross basis or a net basis recognizing the effects of
intake water pollutant concentrations is a question of
fact. As the court held in NRDC v. U.S.EPA. 1988 U.S.
App. LEXIS 13319 (D.C. Cir. 1988), such a determina-
tion is most appropriately considered on a case-by-
case basis.
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account sampling and analytical variability and an
occasional and unanticipa<-°^ excursion due to the con-
struction activities.

The same considerations, which help explain the prob-
lem of CMC's discharging of Harbor intake water, apply to
discharges on a facility-wide basis and suggest that the
5.0 ug/1 (ppb) limitation during proposed remedial
activities is in compliance with water quality standard
considerations.

Under the current 1.0 ug/1 (ppb) gross NPDES limita-
tion, OMC is permitted to discharge annually 6.7 pounds
of ^CBs. Appendix 7, Table 1. However, actual gross
discharges of PCBs from the Waukegan facility on an annu-
al basis is less than 2.0 pounds of PCBs. In comparison,
in 1984 U.S.EPA calculated that approximately 30 pounds
of PCBs were discharged from Waukegan Harbor into Lake
Michigan on an annual basis. These discharges were al-
legedly the result of accumulated sediment in the
Harbor. Therefore, based on U.S.EPA projections, prior
to remediation, even if NPDES permit limitations were
zero, discharges from the Harbor into Lake Michigan would
continue to be 30 pounds per year. Thus, the U.S.EPA
projections show that sediments are the only quantifiable
source of PCBs to Lake Michigan.

As stated, remedial activities in Waukegan Harbor are
expected to temporarily elevate PCB levels in OMC's dis-
charges as a result of sediment disruption. The proposed
permit recognizes this fact and has created elevated
permit limitations for PCBs. Under the proposed permit,
OMC would be permitted to discharge annually a maximum of
19 pounds of PCBs from its outfalls. However, again it
must be remembered that actual gross discharge levels
will be much less based on the use and effectiveness of
the BMP plan.

Finally, at some point after remedial activities in
Waukegan Harbor have been completed, water quality condi-
tions in the Harbor are expected to have substantially
improved. The risk assessment projected that PCB
concentrations at the mouth of Waukegan Harbor will be
.001 ug/1 (ppb) after the remedial action is completed
and the resuspended sediment has settled. Lake Michigan
PCB concentrations, however, are projected to be higher
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than those in the Harbor, approximately .002 ug/1 (ppb).
Appendix 4, p. 161. Therefore, after completion of reme-
dial activities, the Harbor is not expected to be a
source of PCBs to Lake Michigan and instead is expected
to be a net deposition zone for PCBs from the Lake.
These projections were confirmed by the 1984 ROD as well
as by the calculations of Dr. Robert Thomann for
U.S.EPA. Appendix 14, Table IX; Appendix 15, p. 24.

B. Ajiti-Backsliding Considerations

Having shown the consistency of the proposed permit
limitations with water quality standard considerations,
the only remaininy question is whether the proposed
permit might violate the Clean Water Act's prohibition of
backsliding of NPDES permit limitations. Currently, the
limitations set forth in the 1983 permit are applicable
to OMC discharges at the Waukegan facility. The terms of
the 1987 permit have been stayed pending appeal. OMC
therefore, believes that the BMP plan, as defining BAT,
is currently enforceable as a limitation on the discharge
of PCBs.

The Clean Water Act does not prohibit backsliding from
BAT limitations. If the 1.0 ppb PCB limitation defines
BAT, no statutory provision will prevent the establish-
ment of a 5.0 ppb limitation for PCBs. However, even if
the 1.0 ppb PCB limitation could be construed as a best
professional judgment ("BPJ") determination, the proposed
permit containing elevated limitations complies with the
Clean Water Act since, for OMC, a number of the
exceptions allowing increases in permit limitations are
applicable to operations at the Waukegan facility.

First, backsliding is permitted where information
becomes available which would justify the application of
a less stringent effluent limitation. Second,
backsliding is allowed where historical regulatory
efforts at a facility suggest that less stringent NPDES
limitations are necessary because of events over which
the facility has no control. Third, backsliding will not
be prohibited where a permittee has installed treatment
controls at the facility, has operated and maintained the
facility satisfactorily but has been unable to achieve
pollution controls.
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CONCLUSION:

From the information already in the Agency's record and
articulated in these comments, OMC believes that IEPA must con-
clude that the limitations in the proposed permit are not
inconsistent with the Clean Water Act. Both IEPA and USEPA
participated in the development of these limitations for the
proposed permit. Both had the opportunity to evaluate and
object to the establishment of these limitations. Both
ultimately agreed that these limitations represented consistent
regulatory interpretations under the law.

OMC respectfully reguests the Agency to consider these
comments and issue a modified NPDES permit in accordance with
the views expressed. OMC also reguests the Agency to include
this comment, and the attachments, as part of the record herein
as well as OMC's prior comments with respect to previously
issued permits for this facility. OMC further reguests that
IEPA include the portions of U.S.EPA's final administrative
record with respect to the Consent Decree (N.D. 111. No.
88C-8571 and 8572) which are relevant to the proposed permit.

Respectfully submitted,

OUTBOARD MARINE CORPORATION

By:

3319w



ATTACHMENT I

This attachment summarizes information previously submitted

to the government concerning samming data taken in Waukegan

Harbor. This information was taken into account in determining

the scope of the "Treatment Area" in the Harbor, as defined in

the Consent Decree and the Work Plan.

The Record of Decision identified the "hot spot" areas as

certain areas of the Harbor and the North Ditch with PCB

concentr^4-" ̂ ns over 10 000 ppm. As part of the resolution of

this matter, U.S. EPA and OMC agreed to provide for treatment

of those materials and the materials in the Harbor with

concentrations exceeding 500 ppm. To determine the extent of

that area and depth in the Harbor, a statistical mapping

program, known as "Kriging," was applied to the available

data. The results of that Kriging analysis were submitted to

U.S. EPA in December, 1987 and are included herein as an

exhibit. Other information considered by U.S. EPA included the

prior deposition testimony and opinion of Dr. Emilio Sturino of

U.S. EPA. Dr. Sturino testified with respect to the data

collected in Waukegan Harbor. That deposition and pertinent

exhibits also are included with this attachment.

7073f



Law Offices
Martin, Craig, Chester & Sonnenschein

55 West Monroe Street
Chicago. Illinois 60603

Telephone 312-368-0700
Fax 312-372-3090

CHAItl.CS O. CHCSTCM
W • MARTIN OH09S

HICMARO J. HI9SCL
JOSEPH S. WftlOMT. J«.

CHAMLC9 L. MICMOO. JU.
THOMAS •. CASSIOT

LARRT M. ZANOCN
MJCHAftD J. LANO
HONALO N. HCPTMAN

JOANNC H. SAUNOCMS

THOMAS M. OOMOHOC

jerrner c. FORT
HOT M MARSCH

ROBERT W EARHART. JR
LOIS J BASCMAN
CATHI.CCM M. KCATINO
SUSAN M. FWANZCTTI

601 Liberty Drive
Wheaton. Illinois 60189
Telephone 312-402-1982

COUNSEL TO THC TIOM

JAMCS M MUCH. J*

DONNA M WILLIAM9ON

December 8, 1987

WILLIAM A. ^OWCL. Ill
OANICL F. O'CONNCLL
SKAOLCT M. O'*«ICN
JAMC9 J. DC MAPOLI
OAVIO L. OHOBAHT
CKICA M. OOLOIN
LCC K. CUNNINOHAM
JOHDAM •. ALLCN

CELCSTC A THOMNC

SYONCY O. CRAIO <l«li
HUGO SONNCNSCHCIN <I9I7-I««I>

WILLARD ICE O»I9-I»«O>
AOCLOR J RCTIT. JR. <l6«0-l««e>

JACOB H. MARTIN
CHAKLCS C. McCLCLLAN

or COUNSCL

Rodger Field, Esq.
Associate Regional Counsel
United States Environmental
Protection Agency - Region V

230 South Dearborn Street
16th Floor
Chicago, Illinois 60604

Re: Waukegan Harbor

Dear Rodger:

Enclosed are the Kriging results we discussed on
Friday. By carbon copy of this letter, I am also delivering
to Neil Meldgin a copy of the Sturino deposition and
exhibit.

Very^-bruly yqjurs,

Je£ Fort

JCF: jit
Enclosures

vcc: Dan Caplî ' w/enclosures
Neil Meldgin w/enclosures

bcc: D. McArdle w/o enclosures
J. R. Crawford w/Kriging only
L. M. Baker w/Kriging only
R. Oliver w/Kriging only
K. Bourdeau w/Kriging only
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CANONIE ENVIRONMENTAL
PORTER. INDIANA

TELECOPY SUSMITTAl

TO: U£ .-

PROM:

DATE: '+? 7 TIN€:

SEHOINC OPERATOR: Si/str*, PROJECT NUMBER:

NUMBER OF PACES, IHCLUOIH6 COVER:

TELEPHONE NUMBER, DESTINATION: /̂ ). $7 ? ~

TELECOPIER NUMBER, DESTINATION:

CANONIE ENVIRONMCNTAL
niCCOPIER: (219) 121-7169
ASSISTANCE: (211) 926-M51



Jeff,

I am f*xing the -following figur»» which ronteiin the Kn^jing results for
the cases requested by EPA:

HARBOR MUCK LAYER W/O APRIL ERG DATA
HARBOR MUCK LAYER W/O AUGUST ERG DATA
HARBOR MUCK LAYER W/O APR. AND ACG. ERS DATA

In Addition, I am including updated copies of tho harbor muck layer
figures given to EPA at the neeting on 12/4/87:

HARBOR MUCK LAYER WITH ALL ERS
HAFIBOR MUCK LAYER W/O ERG DATA

If the figures do not transmit well please call ms, (219) 926-5651.

Pete.
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